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How to Use the 
FET Cross Reference and Index 


The following examples illustrate how the FET Cross Reference and Index should be used: 


Case (1) Recommended replacement offered by Siliconix is identical to Industry Part Number. 
Industry Part Number Type and Classification Recommended Replacement 
2N4391 N JFET 2N4391 


Case (2) Recommended replacement offered by Siliconix is not identical to Industry Part Number. 
Industry Part Number Type and Classification Recommended Replacement 
2N3457 N JFET 2N4338 
The recommended replacement may be exact, tighter or looser on electrical characteristics, and may 


be a different package or pin-out. Data sheets for both parts should, if possible, be reviewed for a com- 
plete comparison. Send for your new November, 1982 Small Signal FET Design Catalog. 


Type and classification abbreviations are described as follows: 


BF (JFET Plastic) ENH (Enhancement-Mode Normally-Off) 

CR = (Current Limited) JPAD (Plastic Pico Ampere Diode) 

CRR (Current Limiter) JR (Plastic High Voltage Diode) 

D (Dual) N (N-Channel) 

DN (Dual N-Channel Metal Can) P (P-Channel) 

DPAD (Dual Pico Ampere Diode) PAD (Pico Ampere Diode) 

FN (N-Channel Metal Can) SD = (N-Channel Enhancement-Mode DMOS) 
MOSPOWER 


M (N-Channel Enhancement-Mode MOS-FET) 
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FET Cross Reference 


FET Cross Reference 


Industry Type and Recommended Industry Type and - Recommended ' Industry Type and Recommended 
Part Number Classification Replacement | PartNumber Classification Replacement | Part Number Classification Replacement 


1N5283 CL N JFET CRO22 2N3088 N JFET 2N4339 2N3954A 2N3954A 
1N5284 CL N JFET CRO24 2N3088A N JFET 2N4339 2N3955 2N3955 
1N5285 CL N JFET CR027 2N3089 N JFET 2N4339 2N3955A 2N3955A 
1N5286 CL.N JFET CRO30 . 2N3089A N JFET . 2N4339 2N3956 sti - +» 2N3956 © 
1N5287 CL N JFET CR033 2N3113 P JFET 2N3329 2N3957 2N3957 


1N5288 CL N JFET CR039 2N3277 P JFET - *2N2608 . | 2N3958 N- ~ + 2N3958°. 
| 1N5289 CL N JFET CRO043 2N3278 P JFET 2N2608 2N3966 2N3966 
1N5290 CL N JFET CRO47 2N3328 PJUFET «+ 2N3438 2N3967 ~ - 2N4221 
1N5291 CL N JFET CROS6 2N3329 P JFET 2N3329 2N3967A 2N4221 
1N5292 CL.N JFET CRO062 2N3330 P JFET , 2N3330 2N3968 2N4339 


| 1N5293 CLNJFET . CRO68 2N3331 P JFET 2N2609 2N3968A  NJFET © 2N4339. 
1N5294 CL N JFET CRO75 2N3332. P JFET 2N2609 2N3969 ~ N JFET -2N4339 
1N5295 | CL N JFET CRO82 2N3365 N JFET .  2N4340 2N3969A N JFET 2N3686 
1N5296 ~ CL N JFET CRO91 2N3366 NJFET 2N4338 2N3970 © N JFET 2N3970 
1N5297 CL N JFET CR100 2N3367 N JFET 2N4338 2N3971 N JFET 2N3971 


1N5298 CL N JFET CR110 2N3368 N JFET 2N4341 2N3972 N JFET 2N3972 
1N5299 CL N JFET CR120 2N3369 N JFET _ * 2N4340— 2N3993 P JFET. _  2N3386 ~ 
1N5300 CL N JFET CR130 - 2N3370 N JFET 2N4339 2N3993A P JFET 2N3386 | 
1N5301 | CL N JFET CR140 2N3376 ° -PdEET 2N3329 2N3994  PSFET 2N3382 — 
1N5302 CLIN JFET ~CR150 2N3378 - P JFET 2N3330 2N3994A PJFET - 2N3382 


1N5303 CL N JFET CR160 2N3380 PJFET | 2N3331 —2N4084 DN JFET 2N4084 
1N5304 CL N JFET CR180 2N3382 P JFET 2N3382 = | 2N4085° DN JFET 2N4085 
1N5305 CL N JFET CR200 2N3384 P JFET 2N3384 2N4091 N JFET 2N4091 
1N5306 - CLIN JFET CR220 _ |. 2N3386 P JFET 2N3386 2N4091A N JFET 2N4091_ 
1N5307 CL N JFET CR240 2N3436 N JFET 2N4341 2N4092 NJFET 2N4092 | 


1N5308 CL N JFET CR270 2N3437 N JFET 2N4341 2N4092A  -N JFET 2N4092 
1N5309 CL N JFET CR300 2N3438 N JFET 2N4341 2N4093 N JFET — *2N4093 
~ 1N5310 CL N JFET CR330 . 2N3452 N JFET 2N4340 2N4093A N JFET _  2N4093 
1N5311 CL N JFET CR360 2N3453 N JFET 2N4338 2N4117 NJFET == 2N4117— 
1N5312 CL N JFET CR390 2N3454 N JFET 2N4338 2N4117A (ON JFET 2N4117A- 


1N5313 CL N JFET CR430 2N3455 N JFET 2N4340 2N4118 N JFET 2N4118 
1N5314 CL N JFET CR470 2N3456 N JFET 2N4338 2N4118A N JFET 2N4118A 
2N2386 P JFET 2N2609 2N3457 N JFET 2N4338 2N4119 N JFET 2N4119 
2N2386A P JFET 2N2609 2N3458 N JFET 2N4341 2N4119A N JFET QN4119A 
2N2497 P JFET 2N3329 2N3459 N JFET 2N4341 2N4120 PMOSENH — 3N163 


2N2498 P JFET 2N3330 2N3460 N JFET 2N4340 2N4139 N JFET 2N3822 
2N2499 P JFET 2N3331 2N3574 P JFET 2N3329 2N4220 N JFET 2N4220 
2N2500 P JFET 2N3332 2N3575 P JFET 2N3329 2N4220A N JFET 2N4220A 
2N2609 P JFET 2N2609 2N3578 P JFET 2N2608 2N4221 N JFET 2N4221 
2N3608 P MOS ENH 3N163 2N4221A N JFET 2N4221A 


2N2609JAN P JFET 2N2609JAN 2N3684 N JFET 2N4339 2N4222 N JFET 2N4222 
2N2841 P JFET 2N3329 2N3685 N JFET 2N4339 2N4222A N JFET 2N4222A 
2N2842 P JFET 2N3329 2N3686 N JFET 2N4340 2N4223 N JFET 2N4223 
2N2843 P JFET 2N3329 2N3687 N JFET 2N2609 2N4224 N JFET 2N4224 
2N2844 P JFET 2N2608 2N3819 N JFET 2N3819 2N4267 P MOS ENH 3N163 


2N3066 N JFET 2N4340 2N3820 P JFET J270 2N4302 N JFET PN4302-18 
2N3067 N JFET 2N4338 2N3821 N JFET 2N3821 2N4303 N JFET PN4303-18 
2N3068 N JFET 2N4338 2N3822 N JFET 2N3822 2N4304 N JFET PN4304-18 
2N3069 N JFET 2N4341 2N3823 N JFET 2N3823 2N4338 N JFET 2N4338 
2N3070 N JFET 2N4339 2N3824 N JFET 2N3824 2N4339 N JFET 2N4339 


°N3071 N JFET °N4338 2N3909 P JFET 2N2608 2N4340 N JFET 2N4340 
2N3084 N JFET 2N4341 2N3909A P JFET 2N3909 2N4341 N JFET 2N4341 
2N3085 N JFET 2N4341 2N3921 DN JFET 2N3921 2N4352 P MOS ENH 3N163 

2N3086 N JFET 2N4341 2N3922 DN JFET 2N3922 2N4381 P JFET 2N2609 
2N3087 N JFET 2N4341 2N3954 DN JFET 2N3954 2N4382 P JFET 2N5115 
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FET Cross Reference (Cont'd) 


Industry Type and Recommended Industry Type and Recommended industry Type and Recommended 
Part Number Classification Replacement Part Number Classification Replacement | Part Number Classification Replacement 


2N4391 N JFET 2N4391 2N5047 DN JFET 2N5047 2N5517 2N5517 
2N4392 N JFET 2N4392 2N5103 N JFET 2N4416 2N5518 2N5518 
2N4393 N JFET 2N4393 . 2N5104 N JFET 2N4416 2N5519 2N5519 
2N4416_ N JFET 2N4416 2N5105 N JFET 2N4416 2N5520 2N5520 
2N4416A N JFET 2N4416A 2N5114 P JFET 2N5114 2N5521 2N5521 


2N4445 N JFET 2N5432 2N5115 P JFET 2N5115 2N5522 2N5522 
2N4446 N JFET 2N5433 | 2N5116 P JFET 2N5116 2N5523 2N5523 
2N4447 N JFET 2N5432 2N5158 N JFET 2N5434 2N5524 ) 2N5524 
2N4448 N JFET 2N5433 2N5159 N JFET 2N5433 2N5545 2N5545 
2N4856 N JFET 2N4856 2N5196 DN JFET 2N5196 2N5546 2N5546 


BQUSISjSy SSOIO i344 


2N4856A N JFET 2N4856A 2N5197 DN JFET 2N5197 2N5547 2N5547 
2N4856JAN N JFET 2N4856JAN 2N5198 DN JFET 2N5198 2N5549 2N4392 
ON4856JANTX  N JFET 2N4856JANTX 2N5199 DN JFET 2N5199 2N5561 401 
2N4856JANTXV N JFET 2N4856J ANTXV 2N5245 N JFET PN4416 2N5562 U402 
2N4857 N JFET 2N4857 2N5246 N JFET J305-18 2N5563 U404 
2N5564 2N5564 
2N4857A N JFET 2N4857A 2N5247 N JFE J304-18 
2N4857JAN N JFET 2N4857JAN 2N5248 N JFET 2N5486 2N5565 2N5565 
QN4857JANTX  N JFET 2N4857JANTX 2N5257 N JFET 2N5457 2N5566 2N5566 
QN4857JANTXV N JFET 2N4857JANTXV 2N5258 N JFET 2N5458 | 2N5592 2N3822 
2N4858 N JFET 2N4858 2N5259 N JFET 2N5459 2N5593 2N3822 
2N5594 2N3822 | 
2N4858A N JFET 2N4858A 2N5265 P JFET 2N2608 | 
2N4858JAN N JFET 2N4858JAN 2N5266 P JFET 2N2608 2N5638 2N5638 
2N4858JANTX  N JFET 2N4858JANTX 2N5267 P JFET 2N2608 2N5639 2N5639 : 
QN4858JANTXV N JFET 2N4858JANTXV 2N5268 P JFET 2N2608 2N5640 9N5640 | 
2N4859 N JFET 2N4859 2N5269 P JFET 2N3331 2N5647 2N4117A 3 
2N5648 2N4117A 
2N4859A N JFET 2N4859A_. 2N5270 P JFET 2N3331 
2N4859JAN N JFET 2N4859JAN 2N5358 N JFET 2N4340 2N5649 3 2N4117A 
2N4859JANTX  N JFET 2N4859JANTX 2N5359 N JFET 2N4340 2N5797 2N2608 
2N4859JANTXV N JFET 2N4859JANTXV 2N5360 N JFET 2N4339 2N5798 2N2608 
2N4860 N JFET 2N4860 2N5361 N JFET 2N4339 2N5799 2N2608 
2N5800 2N2608 


2N4860A N JFET 2N4860A 2N5362 N JFET 2N4339 
2N4860JAN N JFET 2N4860JAN 2N5363 N JFET ON4222A 2N5801 2N4393 | 
2N4860JANTX  N JFET 2N4860JANTX 2N5364 N JFET ON4224 2N5802 2N4393 
2N4860JANTXV N JFET 2N4860JANTXV 9N5391 N JFET ON4867A 2N5803 2N4392 
2N4861 N JFET 2N4861 2N5392 N JFET 2N4868A 2N5902 2N5902 

2N5903 2N5903 
2N4861A N JFET 2N4861A 2N5 N JFET 2N4869A 
2N4861JAN N JFET 2N4861JAN sae N JFET ON4869A 2N5904 2N5904 
QN4861JANTX NJFET | 2N4861JANTX °2N5395 N JFET ON4869A 2N5909 : 2N5905 
2N4861JANTXV  N JFET 2N4861JANTXV °N5396 N JEET ON4869A 2N5906 2N5906 


2N4867 _ N JFET 2N4867 2N5907 2N5907 
; 2N5397 N JFET U310 ON5908 ON5908 


2N5909 2N5909 
2N5911 2N5911 
2N5912 2N5912 
2N5949 PN4416 
2N5950 PN4416 


2N4977 N JFET 2N5432 2N5453 DN JFET 2N5453 2N5951 PN4416 
2N4978 N JFET 2N5433 2N5454 DN JFET 2N5454 2N5952 J305 
2N4979 N JFET 2N5434 2N5457 N JFET 2N5457 2N5953 J305 
2N5018 P JFET 2N5018 2N5458 N JFET 2N5458 2N6451 2N4393 
2N5019 P JFET 2N5019 2N5459 N JFET 2N5459 2N6452 2N4393 


2N5020 PJFET 2N3329 2N5484 N JFET 2N5484 2N6453 2N4393 
2N5021 apg a 2N2608 2N5485 N JFET 2N5485 2N6454 2N4393 
2N5033 PFET 2N2608 2N5486 N-JFET 2N5486 2N6483 DN JFET U401 
2N5045 DN JFET 2N5045 2N5515 DN JFET 2N5515 2N6484 DN JFET U402 
2N5046 DNJFET  2N5046 2N5516 DN JFET 2N5516 2N6585 DN JFET U404 


2N4867A N JFET 2N4867A 2N5398 N JFET U312 

2N4868 N JFET 2N4868 2N5432 N JFET 2N5432 
2N4868A N JFET 2N4868A 2N5433 N JFET 2N5433 
2N4869 N JFET 2N4869 2N5434 N JFET 2N5434 
2N4869A N JFET 2N4869A 2N5452 DN JFET 2N5452 
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FET Cross Reference (Cont'd) 


Industry Type and Recommended Industry Type and Recommended industry Type and Recommended 
Part Number Classification Replacement Part Number. Classification Replacement | Part Number Classification Replacement 


2N6568 N JFET U290 2328 2N3955 A5T3824 | J302-18 
2N6656 V MOS NENH 2N6656 2338 2N3956 A192 2N4416 
2N6657 V MOS NENH  2N6657 2348 2N3957 AD830 U421 
2N6658 V MOS NENH = 2N6658 2358 2N3958 AD831 © (U424 
2N6659 V MOS NENH  2N6659 241U 2N4869 AD832 U422 


FET Cross Reference 


2N6660 V MOS NENH 2N6660 250U 2N4091 AD833 U426 
2N6661 V MOS NENH  2N6661 251U 2N4392 AD833A U423 
3N145 | P MOS ENH 3N163 703U 2N4220 AD835 2N3921 
3N146 P MOS ENH 3N163 704U 2N4220 AD836 2N3921 
3N155 P MOS ENH 3N163 705U 2N4224 AD837 2N3922 


3N155A P MOS ENH 3N163 707U 2N4860 AD838 2N4085 
3N156 P MOS ENH 3N163 714U 2N3822 AD839 2N4085 | 
3N156A P MOS ENH 3N163 734U 2N4416 AD840 2N5196 
3N1357 P MOS ENH 3N163 734EU PN4416 AD841 2N5197 
3N157A P MOS ENH 3N163 751U 2N4340 AD842 2N5199 


3N158 P MOS ENH 3N163 752U 2N4340 AD3954 2N3954 
3N158A P MOS ENH 3N163 753U 2N4341 AD3954A 2N3954A 
3N163 P MOS ENH 3N163 754U 2N4340 AD3955 2N3955 
3N164 P MOS ENH 3N164 755U 2N4341 AD3956 2N3956 
3N174 P MOS ENH 3N163 756U 2N4340 AD3957 2N3957 


14T N JFET 2N3819 1277A 2N3822 AD3958 2N3958 
142T N JFET PN4392 1278A 2N3821 BC264 PN4304 
158T N JFET PN4302 1279A 2N3821 BC264A . ; PN4302 
159T N JFET PN4416 1280A 2N4224 BC264B PN4304 
1008 N JFET PN4304 1281A 2N3822 BC264C PN4304 


100U N JFET 2N3684 1282A 2N4341 BC264D PN4416 
102M N JFET 2N5486 1283A 2N4340 BF244A/B/C* *Contact factory 
1028 N JFET 2N4302 1284A 2N4222 BF245A/B/C* *Contact factory 
103M N JFET 2N5457 1285A 2N3821 BFR45 2N4416 
1035 N JFET 2N5459 1286A 2N4220 BFS21 2N5199 


104M N JFET 2N5458 1325A 2N4222 BFS21A DNJFET 2N5199 
105M N JFET 2N5459 17144 2N4340 BFS67 N JFET 2N3821 
105U . N JFET 2N4222 2000M 2N3823 BFS67P N JFET 2N4303 
106M N JFET 2N5485 2001M 2N3823 BFS68 N JFET 2N3823 
107M N JFET 2N5486 2078A 2N3955 BFS68P N JFET PN4416 


110U N JFET 2N4339 2079A 2N3955 BFS70 N JFET 2N3821 
115U N JFET 2080A 2N5546 BFS71 N JFET 2N3822 
120U N JFET 2N4340 2081A 2N5546 BFS72 N JFET 2N3823 . 
125U N JFET 2N4339 2093M | 2N3687 BFS73 N JFET 2N3821 
130U N JFET 2N4341 2094M 2N3686 BFS74 N JFET 2N4856 


135U N JFET 2N4339 2095M 2N3686 BFS75 N JFET 2N4857 
155U N JFET 2N4416 2098A 2N5545 BFS76 N JFET 2N4858 
1828 N JFET 2N4391 2099A 2N5546 BFS77 N JFET 2N4859 
1838 N JFET 2N3823 2130U 2N5452 BFS78 N JFET 2N4860 
1978 N JFET 2N4338 2132U 2N3955 BFS79 NJFET = 2N4861 


198S N JFET 2N4340 2134U 2N3956 BFS80 N JFET 2N4416A 
199S N JFET 2N4341 2136U 2N3957 BFW10 N JFET 2N3823 
2008 N JFET 2N4392 2138U 2N3958 BFW11 N JFET 2N3822 
200U N JFET 2N3824 2139U 2N3958 BFW54 N JFET. 2N3822 
2018S N JFET 2N4391 2147U 2N3958 BFW55 N JFET 2N3822 


2028 N JFET 2N4392 2148U 2N3958 BFW56 N JFET 2N4869 
2038 N JFET 2N3821 2149U 2N3958 BFW61 N JFET 2N4224 
2048 N JFET 2N3821 A5T3821 J305 

210U N JFET 2N4416 AS13822 J305 

2318 DN JFET 2N3954 AS13823 PN4416 


1-4 Siliconix 


FET Cross Reference (Cont'd) 


Recommended industry Type and Recommended Industry Type and Recommended 
Part Number = Classification Replacement | PartNumber Classification Replacement 


Industry Type and 
Part Number Classification Replacement 


BSV22 
BSV78 
BSV80 
C413N 
C673 


C674 
C680 
C680A 
C681 
C681A 


C682 
C682A 
C683 
C683A 
C684 


C684A 
C685 

C685A 
C6690 
C6691 


C6692 

CM600 
CM601 
CM602 
CM603 


CM640 
CM641 
CM642 
CM643 
CM644 


CM645 
CM646 
CM647 
CM650 
CM651 


CM652 
CM653 
CM697 
CM800 
CMX740 


CP640 
CP643 
CP650 
CP651 
CP652 
CP653 


N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


2N4416 
2N4856A 
2N4858A 
2N5434 
2N4341 


2N4341 
2N4338 
2N4338 
2N4338 
2N4338 


2N4339 
2N4339 
2N4339 
2N4339 
2N4220 


2N4220 
2N4220 
2N4220 
2N4341 
2N4341 


2N4340 
2N4092 
2N4091 
2N4091 
2N4091 


2N4093 
2N4093 
2N4093 
2N4092 
2N4092 


2N4092 
2N4092 
2N4091 
2N5432 
2N5433 


2N5432 
2N5433 
2N5434 
2N5434 
U290 


U296 
2N5434 
U322 
U320 
U322 
U320 


DPAD10 
DPAD20 
DPADSO 
DPAD100 
DU4339 


DU4340 


DPAD10 
DPAD20 
DPAD50 
DPAD100 
U235 


U235 

J203-18 
J201-18 
J202-18 
J105-18 


J105-18 
J106-18 
J107-18 
J108-18 
J109-18 


J110-18 
J111-18 
J112-18 
J113-18 
J114 


J174-18 
J175-18 
J176-18 
JT77-18 
J201-18 


J202-18 
J203-18 
J204-18 
J210 
J211 


J212 

J230-18 
J231-18 
J232-18 
J270-18 


J271-18 
J300 
J304 
J305 
J308 


J309 
J310 
U410 
U411 
U410 


E500 
E501 
E502 
E503 
E504 


E505 
E506 
E507 
EPADS0 
EPAD100 


EPAD200 
EPADS00 
FE100 
FE100A 
FE102 


FE102A 
FE104 
FE104A 
FE200 
FE202 


FE204 
FE300 
FE302 
FE304 
FEO654A 


FEO654B 
FE3819 
FE5457 
FE5458 
FE5459 


FE5484 
FE5485 
FE5486 
FM3954 
FM3954A 


FM3955 
FM3955A 
FM3956 
FM3957 
FM3958 


FN4117 
FN4117A 
FN4118 
FN4118A 
FN4119 


CL N JFET 
CL .N JFET 
CL .N JFET 
CL N JFET 
CL N JFET 


CL N JFET 
CLN JFET 
CL N JFET 
DD N JFET 
DD N JFET 


DD N JFET 
DD N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 


JPAD100 


JPAD200 
JPADS00 
2N3821 
2N3821 
2N4119 


2N4119 
2N4118 
2N4118 
2N3821 
2N3821 


2N3821 
2N3822 
2N3821 
2N3821 
2N5486 


2N5485 
2N3819 
2N5457 
2N5458 © 
2N5459 


2N5484 
2N5485 
2N5486 
2N3954 
2N3954A 


2N3955 
2N3955A 
2N3956 
2N3957 
2N3958 


FN4117 
FN4117A 
FN4118 
FN4118A 
FN4119 
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CRO22 Thru CR470 Referenced Under 1N Series U410 


CRRO240-4300 CL FET CRRO240-4300 

DN5564-66 DN JFET DN5564-66 ieee Bete 
DN5567 DN JFET DN5567 

DPAD1 D PAD N JFET DPAD1 

DPAD2 D PAD N JFET DPAD2 FTO6S4A 2N5486 


DPADS D PAD N JFET DPADS FT0654B 2N5486 
FT0654C 2N4221 


FT0654D 2N4221 
FT704 P MOS ENH 3N163 


FN4119A FN4119A 


Siliconix 1-5 


FET Cross Reference 


FET Cross Reference (Cont'd) 


Industry Type and Recommended 
Part Number Classification Replacement 


Industry Type and Recommended 


Industry Type and Recommended 
Part Number Classification Replacement 


Part Number Classification Replacement 


J502 CL N JFET J502 
J503 CL N JFET J503 


GET5457 N JFET 2N5457 
GET5458 N JFET 2N5458 


J110 J110 
J110-18 N JFET J110-18 


GET5459 N JFET 2N5459 J441 N JFET J411 J504 CL N JFET J504 
HDIG1030 P MOS ENH 3N163: J111-18 N JFET - J111-18 J505 CL N JFET J505 
(D100 D PAD NJFET  DPAD1 J112 J112 J506 CL N JFET J506 
(D101 D PAD N JFET DPAD10O rece ree J507 CL N JFET J507 
IMF3954 D.N JFET 2N3954 ae N JFET 113 J508 CL N JFET J508 
IMF3954A DN JFET 2N3954A cecer EET ricer J509 CL N JFET J509 
IMF3955 DN JFET 2N3955 ad See on J510 CL N JFET J510 
IMF3955A DN JFET 2N3955A : J511 CL N JFET J511 
_ |MF3956 DN 2N3956 J174-18 P JFET J174-18 J552 CL N JFET J552 
J553 CL N JFET J553 
{MF3957 DN JFET 2N3957 J175 P JFET J175 4554 CLIN JFET 1554 
IMF3958 DN JFET 2N3958 J175-18 P JFET J175-18 3555 CLN JFET 1555 
iMF6485 D N JFET U405. J176 P JFET J176 J556 
J176-18 J176-18 CL N JFET J556 
T100 P 2N5116 J557 CLN JFET J557 
IT101 2N5114 J177 P JFET J177 JPADS PAD N JFET JPAD5 
IT108 N JFET 2N5486 J177-18 P JFET J177-18 JPAD10 PAD N JFET JPAD10 
IT109 N JFET U310 J201 N JFET JPAD20 PAD N JFET JPAD20 
J201-18 N JFET. ; 
oe : NOSEAn ae J202 JPADSO PAD N JFET = JPADSO 
| JPAD100 PAD N JFET JPAD100 
ITE500: CL N JFET J500 J202-18 N JFET OABEGE ie sabre wee 
ITE501 CL N JFET J501 J203 N JFET 
ITE502 CLNJFET — _J502 J203-18 N JFET JR135V CLN JFET JRI35V 
ITE503 CL N JFET J503 J204 N JFET J204 IRI7OV CN JFET ea 
ITE504 CL N JFET J504 J204-18 J204-18 TR200V CL N JEET TRO00V 
JR220V CL N JFET JR220V 
ITE506 CL N JFET J506 J211 N JFET J211 
ITE507 CL N JFET J507 J212 N JFET J212 J1401 DN JFET U401 
ITE3066 N JFET J202-18 J230 N JFET J230 J1402 D N JFET U402 
ITE3067 N JFET J201-18 J230-18 J230-18 J1403 DN JFET U403 
J1404 D N JFET U404 
ITE3068 N JFET J201-18 J231 N JFET J231 J1405 DN JFET U405 
ITE4117 N JFET 2N4117 J231-18 N JFET J231-18 J1406_ DN JFET U406 
1TE4118 N JFET 2N4118 J232 N JFET J232 
ITE4119 N JFET 2N4119 J232-18 N JFET J232-18 ne ; nee wees 
1TE4338 N JFET J201-18 J270 J270 outs MEET ne 
ITE4339 N JFET J201-18 J270-18 P JFET J270-18 K212-18 N JFET J2te 
ITE4340 N JFET J202-18 J271 P JFET J271 K300-18 N JEET 3240 
ITE4341 N JFET J203-18 J271-18 P JFET J271-18 K304-18 N JFET 1304 
ITE4391 N JFET PN4391-18 J300 N JFET J300 K305-18 N JFET 1305 
ITE4392 N JFET PN4392-18 | J300A/B/C/D  N JFET J300A/B/C/D K308-18 N JFET 1308 
J304 J304 K309-18 N JFET J309 
ITE4393 N JFET PN4393-18 . 
ITE4416 N JFET PN4416 J305 N JFET J305 K310-18 N JFET J310 
\TE4867 N JFET J230-18 J308 N JFET J308 KE3684 N JFET 2N4339 
ITE4868 N JFET J231-18 J309 N JFET J309 KE3685 N JFET 2N4339 
ITE4869 N JFET J232-18 J310 N JFET J310 KE3686 N JFET 2N4340 
. J401 KE3687 N JFET 2N4341 
10 aria ne J402 _ KE3823 N JFET 1304-18 
t10S 18 ee vs 1403 DNJFET  U403 KE3970 N JFET PN4391-18 
ee yell en J404 DNJFET  u404 KE3971 N JFET PN4392-18 
J106-18 N JEET 4106-18 5405 DNJFET 405 KE3972 N JFET PN4393-18 
J107 N JFET J107 J406 DNJFET  U406 KE4091 N JFET PN4391-18 
J107-18 N JFET J107-18 J410 DN KE4092 N JFET PN4392-18 
J108 N JFET J108 - J411 ON JFET 411 KE4093 N JFET PN4393-18 
J108-18 N JFET J108-18 J412 DNJFET  U412 KE4220 N JFET 2N5457 
—J109 N JFET J109 J500° CLNJFET  J500 KE4221 N JFET 2N5457 
J109-18 N JFET _J109-18 J501 C J501 KE4222 N JFET 2N5459 
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FET Cross Reference (Cont'd) 


Recommended 
Replacement 


Type and 
Classification 


Recommended 
Replacement 


Recommended 
Replacement 


Industry 
Part Number 


Industry 
Part Number 


Type and 
Classification 


Industry 
Part Number 


Type and 
Classification 


KE4223 
KE4224 
KE4391 
KE4392 
KE4393 


KE4416 
KE4856 
KE4857 
KE4858 
KE4859 


KE4860 
KE4861 
KE5103 
KE5104 
KES105 


KK4416-18 
LDF603 
LDF604 
LDF605 
M163 


M164 
MEM520 
MEM520C 
MEM561 
MEM561C 


MEM806 
MEM806A 
MFE823 
MFE2000 
MFE2001 


MFE2004 
MFE2005 
MFE2006 
MFE2007 
MFE2008 


MFE2009 
MFE2010 
MFE2011 
MFE2012 
MFE2093 


MFE2094 
MFE2095 
MFE4007 
MFE4008 
MFE4009 


MFE4010 
MFE4011 
MFE4012 
MK10 
MMF1 


MMFe2 
MMF3 
MMF4 
MMF5 
MMF6 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
P MOS ENH 


P MOS ENH 
P MOS ENH 
P MOS ENH 
P MOS ENH 
P MOS ENH 


P MOS ENH 
P MOS ENH 
P MOS ENH 
N JFET | 
N JFET 


N JFET 


J304-18 
J304-18 
PN4391-18 
PN4392-18 
PN4393-18 


PN4416 

PN4391-18 
PN4392-18 
PN4393-18 
PN4391-18 


PN4392-18 
PN4393-18 
J305 
J304 
J305 


PN4416 
2N4221A 
2N4221A 
2N4221A 
3N163 


3N164 
3N164 
3N 164 
3N163 
3N163 


3N163 
3N163 
MFE823 
2N4416 
2N4416 


2N4093 
2N4092 
2N4091 
2N4860 
2N4859 


2N4859 
2N5434 
2N5433 
2N5432 
2N4341 


2N4340 
2N4339 
2N2609 
2N2609 
2N3329 


2N3330 
2N3330 
2N3331 
2N4416 
2N3921 


2N3921 
2N3921 
2N3921 
2N3921 
2N3921 


MMT3823 
MPF102 
MPF103 
MPF104 
MPF105 


MPF 106 
MPF107 
MPF108 
MPF109 
MPF 111 


MPF112 
MPF 256 
MPF820 
MPF970 
MPF971 


MPF4391 
MPF4392 
MPF4393 
NF500 
NFSO1 


NF506 
NF510 
NF514 
NF520 
NF521 


NF522 
NF523 
NF530 
NF531 
NF532 


NF533 
NF580 
NF581 
NF582 
NF583 


NF584 
NF585 
NF4302 
NF4303 
NF4304 


NF 4445 
NF 4446 
NF4447 
NF4448 
NF5163 


NFS457 
NF5458 
NF5459 
NF5484 
NF5485 


NF5486 
NF5555 
NF5638 
NF5639 
NF5640 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
P JFET 
P JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


Siliconix 


2N3823 
MPF102 
2N5457 
2N5458 
2N5459 


2N5485 
2N5486 
MPF 108 
MPF109 
MPF1114 


MPF112 
J309 
U310 
J174 
J176 


PN4391-18 
PN4392-18 
PN4393-18 
2N4416 
2N4416 


2N4416 
2N4393 
2N4393 
2N4339 
2N4339 


2N4339 
2N4340 
2N4341 
2N4339 
2N4341 


2N4339 
2N5432 
2N5432 
2N5433 
2N5434 


2N5433 
2N4859 
PN4302 
PN4303 
PN4304 


2N5432 
2N5433 
2N5432 
2N5433 
PN5163. 


2N5457 
2N5458 
2N95459 
2N5484 
2N5485 


2N5486 
2N5555 
2N5638 
2N5639 
2N5640 


NF5653 
NF5654 
PAD1 
PAD2 
PADS 


PAD10 
PAD20 
PADS0 
PAD100 
P1086 


P1086-18 
P1087 
P1087-18 
PN4091 
PN4092 


PN4093 
PN4117 
PN4117A 
PN4118 
PN4118A 


PN4119 
PN4119A 
PN4120 
PN4120A 


PN4302 


PN4302-18 


PN4303 
PN4303-18 


PN4304 


PN4304-18 


PN4391 


PN4391-18 


PN4392 


PN4392-18 
PN4393 
PN4393-18 
PN4416 
PN5163 


PF510 
PF511 


SD210DE 
$D211DE 
SD212DE 
SD213DE 
SD214DE 


SD215DE 
$U2078 
SU2079 
SU2098 


SU2098A 
SU2098B 
SU2099 
SU2099A 
SU2365 


N JFET 
N JFET 
PAD N JFET 
PAD N JFET 
PAD N JFET 


PAD N JFET 
PAD N JFET 
PAD N JFET . 
PAD N JFET 
P JFET 


P JFET 
P JFET 
P JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


P JFET 
P JFET 


N D MOS ENH 
N D MOS ENH 
N D MOS ENH 
N D MOS ENH 
ND MOS ENH 


2N5653 
2N5654 
PAD1 
PAD2 
PADS 


PAD10 
PAD20 
PADS0 
PAD100 
P1086 


P1086-18 
P1087 
P1087-18 
PN4091 
PN4092 


PN4093 
PN4117 
PN4117A 
PN4118 
PN4118A 


PN4119 
PN4119A 
PN4120 
PN4120A 


PN4302 
PN4302-18 
PN4303 
PN4303-18 


PN4304 
PN4304-18 
PN4391 
PN4391-18 
PN4392 


PN4392-18 
PN4393 
PN4393-18 
PN4416 
PN95163 


2N5018 
2N5014 


SD210DE 
$D211DE 
$D212DE 
$D213DE 
SD214DE 


SD215DE 
U425 
U425 
2N5197 


2N5197 
2N5196 
2N5197 
2N5197 
U401 
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FET Cross Reference 


Industry 


Part Number 


SU2365A 
SU2366 
SU2366A 
SU2367 
SU2367A 


$U2368 
SU2368A 
SU2369 
SU2369A 
$U2410 


$U2411 
$U2412 
TD5902 
TD5902 
TD5902A 


TD5903 
TD5903A 
TD5904 
TD5904A 
TD5905 


TD5905A 
TD5906 
TD5906A 
TD5907 
TD5907A 


TD5908 
TD5908A 
TD5909 
TD5909A 
TD5911 


TD5911A 
TD5912 
TD5912A 
TIS14 
TIS25 


TIS26 
TIS27 
TIS414 
TIS58 
TIS59 


T1S73 
TIS74 
TIS75 
TIS88 
TIXS41 


TIXS42 
TN4117 
TN4117A 
T™N4118: - 
TN4118A 


TN4119 
TN4119A 
TN4338 
TN4339 


. TN4340 


Type and 


Classification 


ou cu TU oO ovo VvuoO 


OoOugaTU® jos Bien Ei we i we Ei av] 
22222 2az2a2z2a 


DN JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


Recommended 
Replacement 


U401 
U402 
U402 
U403 
U403 


U404 
U404 
U405 
U405 
U424 


U425 
U426 
2N5902 
2N5902 
2N5902 


2N5903 
2N5903 
2N5904 
2N5904 
2N5905 


2N5905_ . 
2N5906 
2N5906 
2N5907 
2N5907 


2N5908 
2N5908 
2N5909 
2N5909 
2N5911 


2N5911 
2N5912 
2N5912 
2N4340 
U401 


U402 
U404 
2N4859 
J305-18 
U1837 


PN4391-18 


PN4392-18 
PN4393-18 
2N5486 
2N4859 


PN4393-18 
PN4117 
PN4117A 
PN4118 
PN4118A 


PN4119 
PN4119A 
2N4338 
2N4339 
2N4340 


industry 


Part Number 


TN4341 
TP5114 
TP5115 
TP5116 
U110 


U112 
U133 
U146 
U147 
U148 


U149 
U168 
U182 
U183 
U197 


U198 
U199 
U200 
U201 
U202 


U221 
U222 
U231 
U232 
U233 


U234 
U235 
U240 
U241 
U242 


U243 
U248 
U248A 
U249 
U249A 


U250 
U250A 
U251 
U251A 
U254 


U255 
U256 
U257 
U273 
U273A 


U274 
U274A 
U275 
U275A 
U280 


U281 
U282 
U283 
U284 
U285 


Type and 


Classification 


N JFET 
P JFET 
P JFET 
P JFET 
P JFET 


P JFET 
P JFET 
P JFET 
P JFET 
P JFET 


P JFET 
P JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
DN JFET 
DN JFET 
DN JFET 


DN JFET 
DN JFET 


Recommended 
Replacement 


2N4341 
2N5114 
2N5115 
2N5116 
2N2609 


2N2609 
2N2609 
2N2609 
2N2609 
2N2609 


2N2609 
2N2609 
2N4857 
2N3824 
2N4339 


2N4340 
2N4341 
2N3970 
2N3971 
2N3972 


2N4391 
2N4391 
U231 
U232 
U233 


U234 
U235 
2N5432 
2N5433 
2N5432 


2N5433 
2N5902 
2N5906 
2N5903 
2N5907 


2N5904 
2N5908 
2N5905 
2N5909 
2N4859 


2N4860 
2N4861 
U257 
2N4118A 
2N4118A 


2N4119A 
2N4119A 
2N4119A 


2N4119A 


U231 


U231 
U232 
U232 
U233 
U234 


Siliconix 


industry 


Part Number 


FET Cross Reference (Cont'd) 


Type and 


Classification 


N JFET 
N JFET 
N JFET 
N JFET 
P JFET 


PaPel 
PFET 
PEGI. 
P JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
DN JFET 


DN JFET 
DN JFET 
DN JFET 


DN JFET 
DN JFET 
DN JFET 
DN JFET 
DN JFET 


N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


N JFET 
N JFET 
N JFET 
N JFET 
N JFET 


Recommended 
Replacement. 


U290 
U291 
U295 
U296 
2N5114 


2N5115 
U304 
U305 
U306 
U308 


U309 
U310 
U311 
U290 


U291 
U290 
U401 
U402 
U403 


U404 
U405 
U406 
U410 
U411 


U412 
U421 
U422 
U423 
U424 


U425 
U426 
U427 
U428 
U430 


U431 
U440 
U441 
U443 
U444 


CRO30 
2N4220A 
2N3821 
2N3821 


2N4221A 
2N4220A 
2N3821 
2N4339 
2N4339 


2N4340 
2N4339 
2N3822 
2N4341 
2N4340 


FET Cross Reference (Contd) 


Industry Type and Recommended Industry Type and Recommended Industry Type and Recommended 
Part Number Classification Replacement Part Number Classification Replacement | Part Number Classification Replacement 


U1284 N JFET 2N4341 UC41 2N2609 UC751 N JFET 2N4340 
U1285 N JFET 2N4220 UC100 2N4339 UC752 N JFET 2N4340 
U1288 N JFET 2N4341 UC110 2N4339 UC753 N JFET 2N4341 
U1287 N JFET 2N4092 UC115 2N4340 UC754 N JFET 2N4340 
U1321 N JFET 2N3966 UC120 2N4339 UC755 N JFET 2N4341 


sousl9jey SSOID 134 


U1322 N JFET ON4221A UC130 2N4341 UC756 N JFET 2N4340 
U1323 N JFET 2N4221A UC155 2N4416 UC805 P JFET 2N3331 
U1324 N JFET ON4220A UC200 2N3824 UC807 N JFET ; 2N4860 
U1325 N JFET 9N4299 UC201 2N3824 UC814 P JFET 2N3331 
U1420 : N JFET ON3821 UC210 2N4416 UC851 P JFET 2N2608 


U1421 N JFET 2N3822 UC220 2N3822 UC853 P JFET 2N2608 
U1422 N JFET 2N3822 UC240 2N4869 UC854 P JFET 2N2608 
U1714 N JFET 2N4340 UC241 2N4869 UC855 P JFET 2N2609 
U1837E N JFET PN4416 UC250 2N4091 UC1700 P MOS ENH 3N163 
UC251 2N4392 UC1764 P MOS ENH 3N163 


U1897 N JFET U1897 
U1897-18 N JFET U1897-18 UC300 2N2609 Haan SNe 
U1897E N JFET U1897-18 UC310 2N2609 C2134 ON3956 
U1898 N JFET U1898 UC320 2N2609 UC2136 2N3957 
U1898-18 N JFET U1898-18 UC330 2N2609 C2138 2N3958 
UC340 2N2609 
U1898E N JFET U1898-18 
U1899 N JFET U1899 UC400 2N3331 Tene oe 
U1899-18 N JFET U1899-18 UC401 2N5116 UC2148 °N3958 
U1899E N JFT U1899-18 UC410 2N3330 UC2149 °N3958 
UC420 2N3329 VCRON VCRON | 
U1994E N JFET PN4416 UC450 2N5114 7 | 
U2047E N JFET PN4416 VCR3P VCR3P 
U3000 N JFET 2N4341 UC451 2N5116 VCR4N VCR4N 
U3001 N JFET 2N4339 UC588 PN4416 VCR5P VCR5P 
U3002 N JFET 2N4338 UC703 . 2N4220 VCR6P 2N5116 
UC704 -  9N4220 VCR7N VCR7N 
U3010 N JFET ON4341 UC705 2N4224 
U3011 N JFET 2N4340 VCR11N VCR11N 
U3012 N JFET 2N4338 UC707 2N4860 WK5457 2N5457 
UC20 N JFET 2N4341 — uC714 2N3822 WK5458 2N5458 
UC40 P JFET 2N2609 UC714E J203-18 WK5459 2N5459 
UC734 2N4416 | 
UC734E PN4416 ~ 
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FET Product Information 


Siliconix products are divided into three basic categories: 
Standard Products, Modified Standard Products, Custom Products 


= Standard Products All the part numbers described in this catalog are standard products. A summary list of the 
prefixes used is shown below in the Device Identification Table. Ordering any of the stand- 
ard products is easily done by referring to the data sheet part number. For example, a 
2N4391 is simply ordered by that number: ‘'2N4391.” It will also appear in that form on 
‘the price lists, published separately. 


= Examples of Modified Standard Products are: 


Electrical Specials Devices with either tightened, relaxed and/or special electrical specifications selected from 
cc a standard product. 


Mechanical Specials Devices with standard or modified electrical specifications mounted in non-standard pack- 
ages or modified (lead formed) standard packages. Modifications and/or additions to stand- 
ard marking are also considered mechanical specials. 


High Reliability Specials Siliconix has a number of standard High-Reliability screening options that can be ordered 
as standard products. These options include MIL-STD-750B. High-Rel process option de- 
tails will be found in the introductory section of this data book. In addition, Siliconix 
offers certain JEDEC-registered FETs with JAN, JANTX, or JANTXV processing. Refer to 
any current Siliconix OEM price list for details on specific part numbers. If existing screen- 
ing processes do not meet individual customer requirements, Siliconix can provide special 
additional inspections and controls to meet the stringent demands. 


FET Product Information 


In all of the above cases (with the exception of JAN, JANTX, or JANTXV parts), a special part number is assigned 
which defines the part either by reference to customer’s print(s) or by associated special requirements. Each special 
product is proprietary to the customer, and is not made available to other customers. 


= Custom Products Are designed to meet customer requirements not realizable by selection from standard 
parts; usually, these products require special engineering development. The proprietary re- 
lationship described above also applies to custom products. 


Inquiries for SPEC/AL DEVICES may be directed to the nearest field sales office or to: 


FET Marketing Department, Siliconix incorporated, 2201 Laurelwood Road, Santa Clara, California 95054, 
Telephone: (408) 988-8000. 


FETs/Part Number Prefixes and Suffixes 


- 
CR 
CRR 
DM ae ee eee Si Special DMOS FET 
DN fs aes ee ee nee ee a ee ee Si Dual N-Channel JFET 
FN ee ee | Si N-Channel JFET 
DPAD 
J Special TO-92 Cased FET 
! 
Diode TO-92 Cased FET 
JPAD 
PAD 
PN ie aces i et ah nang ee eg hee Ee ee al Si Standard TO-92 Cased FET 
sD De eeteh eset ee mane Sinan ees er eee ee eee Si Standard DMOS FET 
U 
- Voltage Controlled Resistors 
2N EES agar cee ng ee oes ee a ee, JEDEC-Registered Device 
3N 
-05 Std TO-92 Pkg. Lead Formed to TO-5 Pin Circle 
-18 Std TO-92 Pkg. with Center Lead Formed Toward Flat in TO-18 Pin Circle 
-TRF Tape and Reel available on TO-92 FETs. 


PROCESS OPTION 750B-MIL-STD 750 = -2 Contact Factory 
= -2A Contact Factory 
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FET Process Option Flow Chart 


Military Process Industrial Process 


Metal Can Metal Can Standard Standard 
(Option -2) (Option -2A) (Hermetic Package) (Plastic Package) 


Preseal Inspection | Preseal Inspection Preseal Inspection Preseal Inspection 
Method 2072 Siliconix Visual #5201 Siliconix Visual #5201 Siliconix Visual #5201 


Stabilization Bake 


Stabilization Bake 


Stabilization 
Method 1031 
24 hour @ 150°C 


Method 1031 Method 1031 


24 hour @ 200°C 24 hour @ 200°C 


DUD Moly UCHdO SS@00ld 


Temperature Cycle 
Method 1051, Condition C 
5 Cycles -65°C to +200°C 
@ Temperature Extremes, 
20 Cycles, 10 Min. 


Temperature Cycle 
Method 1051, Condition C 
5 Cycles -65°C to +200°C 
@ Temperature Extremes, 
20 Cycles, 10 Min. 


Temperature Cycle 
Method 1051, Condition C | 
5 Cycles -65°C to +200°C 

| @ Temperature Extremes, 
20 Cycles, 10 Min. 


Constant Acceleration 
Method 2006 
Y1 Axis 30,000 G 


Constant Acceleration 
Method 2006 
Y1 Axis 30,000 G 


Fine Leak Fine Leak 


Method 1071, Condition H or G. 


Fine Leak 


Method 1071, Condition H or G Method 1071, Condition H or G 
| Maximum Leak Rate, 5 x 1078 


Gross Leak Gross Leak | Gross Leak 
Method 1071, Condition C Method 1071, Condition C Method 1071, Condition C _| 


Maximum Leak Rate, 5 x 107 


Maximum Leak Rate, 5 x 107 


| Electrical Test 
to Static Parameters 
@ 25°C 


Electrical Test Electrical Test Electrical Test 
to Static Parameters to Static Parameters to Static Parameters 
@ 25°C @ 25°C -@ 25°C 


HTRB Burn-in HTRB Burn-in 
Method 1039, Condition A Method 1039, Condition A 
168 hour @ 150°C 168 hour @ 150°C 


Electrical Test Electrical Test 
to Static Parameters to Static Parameters 
@ 25°C @ 25°C 


Quality Conformance 
25°C Static LTPD=5 

-55°C Static LTPD=5 
150°C Static LTPD=5 


Quality Conformance 
25°C Static AQL 65% 
External Visual LTPD = 10 


Quality Conformance 
25°C Static AQL .65% 
External Visual LTPD = 10 


On Selected Parameters: 
Per QAP 1030 


Quality Conformance 
25°C Static AQL .65% 


External Visual LTPD = 10 


On Selected Parameters: 
Per QAP 1030 


25°C 1 KHz Dynamic LTPD=10 
External Visual LTPD=5 

On Selected Parameters: 

Per QAP 1030 


} On Selected Parameters: 
Per QAP 1030 


NOTES: Processing and test methods are MIL-STD750 unless specified otherwise 
-2A Significant savings. 
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Additional Product Options for 
European Customers | 


Additional Product Options for 
European Customers 


CECC 50 000 


CECC 50 000 is a European system of continuous product assessment intended to produce electronic components of 
assessed quality to specifications and procedures which conform to internationally recognized standards. Components 
produced under the system are accepted by all participating countries without further testing being necessary. 


At this time, member countries of the CECC are Belgium, Denmark, Germany, France, Ireland, Italy, the Netherlands, 
_ Norway, Sweden, Switzerland and the United Kingdom. 


Under this assessment scheme, devices are manufactured on an approved line to nationally approved specifications 
written in accordance with CECC rules. The manufacturer must comply with defined standards relating to organization, 
facilities and quality contro! procedures. 


Specific device types are individually qualified against a fixed detail specification which has been approved by the British 
Standards Institute acting as the national supervising agency on behalf of CECC. 


The CECC 50 000 scheme is administered in the UK by the BSI, and UK generated specifications are prefixed with the 
letters BS. 


A number of popular standard device types are now qualified and the following detail specifications are available: 


Type Number BS Specification 
2N3970/1/2 BS CECC 50012-001 
2N4091/2/3 BS CECC 50012-002 
2N4391/2/3 BS CECC 50012-004 
2N4856/7/8 BS CECC 50012-005 
2N4859/60/61 BS CECC 50012-005 
2N4856A/7A/8A BS CECC 50012-006 
2N4859A/60A/61A BS CECC 50012-006 
2N3821/2 BS CECC 50012-007 
2N3824 BS CECC 50012-008 
2N4220/1/2 BS CECC 50012-009 
2N4220/1A/2A BS CECC 50012-009 


Each of the approved types is now available with additional screening options, including high temperature reverse bias 
burn-in, of either 48, 72 or 168 hours duration. Screening details are appended to the detail specification and conform to 
appendix VI of the European Standard CECC 50 0000 ISSUE 3. 

Product is released with a BS CECC certificate of conformity and will have been submitted to: 


1. Group A sample inspection (lot by lot) 
quality assessment tests, assuring product conforms to electrical specification. 


2. Group B sample inspection (lot by lot) 
reliability tests, including package related tests and 168 hours electrical endurance, to identify potential early 
failures. | 


3. Group C sample inspection (periodic—3 monthly) 
long term reliability tests including 1000 hours of high temperature storage and electrical endurance. 


Data from the inspection tests is available to the customer in the form of CTRs (certified test records). 


Manufacturing of BS CECC product is carried out at the Siliconix UK facility located in Morriston, Swansea SA6 6NE, 
South Wales 


In addition to BS CECC approved product, the Siliconix UK facility can provide internationally recognized high-reliability 
screening options on standard products. These inciude Mil-750B and custom screening options. 


JAN, JANTX or JANTXV processing for certain JEDEC-registered FETs can also be supplied. 
For additional information, enquiries may be directed to the nearest field sales office. 
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Die Process Information 


Siliconix is a large volume supplier of die to the hybrid industry. Both military and industrial grades are 
available. Screening includes 100% DC electrical probe and 100% visual inspection of each die. 


Physical Data 


Physical layout and dimensions are presented in the die topography section. 

Each die is passivated with approximately 8,000 angstroms of non-crystalline glass. 
All die are gold backed. Gold backing is approximately 1,500 angstroms thick. 

Die metallization is deposited aluminum approximately 12,000 angstroms thick. 
Standard thickness 0.008 + 0.002 in inches. 


Die Screening Criteria 


@ Probe Test Capability — Siliconix performs three classes of electrical tests. The first category is a group of tests 
that may be performed on a 100 percent basis in wafer form. Examples are pinch-off voltage Vas(off) and 
breakdown voltage BVgss. 


A second group consists of tests such as very low leakage Iqssg where 100 percent testing is impractical, but 
sample testing may be performed. Generally, test time is the factor that renders these tests impractical on a 100 
percent basis. 


Finally, there are those tests that cannot be performed unless a sample group of units are assembled for evaluation. 


Capacitance and differential voltage drift are two examples (On request only). 


The adjacent table summarizes our wafer probe test capability and serves as a guide line to your design needs. 
Actual testing condition and procedure may vary. For specific parameters and test conditions, refer to the 


appropriate data sheet. 
100% Wafer Sample Wafer Sample Test in 
Sort Capability Sort Capability Package Form 


Limit Range Limit Range Limit Range 


TEST PARAMETER Condition Range 


| Cond. | Min. | Max. | min. | Max. | Max. 
| iD | 10~A | 100ma__ 
bi 
VGS(th), Vp, VGS 
G 


BVGSS, BVGDD, BVGSO | | 
BVDSX, BVSOX 


100pA 0.01vV | 200v 


v8 (on 
8 (en 


| Min 

it 

pao [oe [ 
: : 

zeae 

m 


gts Wee 100V | 10 umho] 100 mmh 
(constant VGS) 0.01V ig pete 


gts eB 5 | touee | oom) 5 os | sooimnne 


rves_|0 | a0 Sav | 300 nv 
én (constant VGS) | VDS_ {| 0 {| 100V_ | Vz VHz 
en ee oe sive. | ane 
én (constant ID) VHz JHz 
west vane Ce ee ee 
Seana 
ecaliont 
: a a a O.1pF_} 1000pF 


gfs1/gfs2 
IDSS1/IDSS2 


goss1-goss2 TESTS PERFORMED AFTER SAMPLE IS ASSEMBLED FOR EVALUATION 
CMRR, 
A|Vgs1-VGS2|/AT 


QC Inspection *0.65 1.5 1.5 
AQL AQL AQL 


* all in die form not after Customer Assembly 
e Visual Criteria — Die are supplied with 100% visual sort to the criteria of MIL-STD-750 method 2072. 
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Die Process Information 


Die Process Information (Cont'd) — 


Assembly 
@ Chips supplied in waffle packs normally do not require cleaning. Wafers should be cleaned after sawing or scribing, - 
and fracturing. 
@ Chips should be handled with a vacuum pick-up with protected tip or with tweezers gripping the chip on its sides. 
@ When handling MOSFET chips, particularly non-gate protected types, steps must be taken to prevent damage by 
static discharge. In some extreme cases, handling precautions may be necessary for junction FET chips. 


@ Chips can be die attached either eutectically or by conductive epoxy when lower temperatures are necessary. Gold 
silicon eutectic occurs at temperatures between 385°C and 425°C. 


@ Bonding of wires from chip pads to posts can be achieved by thermocompression gold wire or ultrasonic aluminum 
wire bonded. 


Options 
@ SEM — Scanning electron microscope examination and control in accordance with MIL-STD-883 Method 2018 can be 
ordered on chips and wafers. 


@ Wafer qualification to unprobed parameters — sample testing of purchased chips to demonstrate capability to per- 
form at data sheet temperature extremes by use of LTPD techniques can be provided. 


@ Hot probe — Siliconix has a chip processor/distributor with hot probe capability available. 


Chip Packaging 


e@ Chips are packaged as individual die in the flat waffle carrier illustrated in Figure 1. The carrier has a cavity size 
adequate to allow ease of loading/unloading and also prevents die from rotating within the cavity. 


e@ Standard carrier 20 x 20 (400 die) 


Chip and Wafer Processing 


ofs COURIER TOP 


7 
Chips 


SAW 


WAFER ae 
_PROCESSING _ ELECTRICAL 
VISUAL INSPECTION 
INSPECTION 


WAFER 
CLASSIFICATION 


AND 
FRACTURE 


—— Qc aL 
7 visuat spatian nating 
INSPEC TION 


t ' 
’ 

! 
' 

1 t 

! | OPTION 

" ' 

1 

1 1 

\ ' 

\ 

\ ' 

I 

i 

' 

' 

' 

' 

! 

' 

{ 


ALLOCATION 


Qc 
VISUAL 


, CARRIER BOTTOM 
cla VI Cn Saat Waters | : 
ELECTRICAL 
PROBE 


CARRIER 


VISUAL 
INSPECTION 


| 
\ 
! 
1 
t 
\ 
LOADING t 
\ 
' 


PACKING AND SHIPPING 


NOTE: CARRIER TOP & BOTTOM SECURED BY CLIPS 
Figure 1 
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PC Board Layout and Construction for 
Low Leakage Applications 


In order to realize the full capability of these devices in cir- 
cuits that are sensitive to very low currents, considerable 
care should be exercised in PC board layout and construc- 
tion techniques. If proper care is not taken, board leakage 
currents can easily become much larger than the leakage cur- 
rents of the devices themselves, especially under conditions 
of high temperature and humidity. Excessive leakage currents 
can be produced by poor quality boards, socket leakage, poor 
board layout, imperfectly cleaned boards, or improperly 
applied or cured protective coatings. 


It is important to start with quality PC boards which have 
high resistivity and low susceptance to moisture. Boards of 
Teflon® or polycarbonate composition exhibit these at- 
tributes and are preferred. Glass-epoxy boards are less de- 
sirable because they will absorb moisture, and if used must 
be protected with a conformal coating. , 


The use of sockets should be avoided wherever possible since 
the pin-to-pin isolation is often not great enough to prevent 
small leakage currents from occurring. These currents can 
significantly degrade device performance in low leakage 
applications. If sockets cannot be avoided use the highest 
quality available, preferably teflon. 


In laying out PC boards, care should be taken to keep pins 
and runs which are sensitive to very low currents away from 
pins and runs which will be at significantly higher or lower 
voltages. The most common leakage current problems occur 
between pins sensitive to low current levels and nearby pins 
at or near one of the supply voltages. Thus, if the isolation 
between critical pins and nearby high or low voltage pins is 
increased, leakage is minimized. 


Teflon® is a registered trademark of DuPont. 


Siliconix 


In order to reduce leakage currents, it is very important that 
all PC boards and experimental breadboards be thoroughly 
cleaned with a solvent after construction. A recommended 
procedure is to wash each board in an ultrasonic cleaning 
bath of alcohol, trichloroethylene, or some other commercial 
solvent, and to blow dry with compressed air. The purpose 
of this is to remove all skin oils (the greatest cause of leakage 
in improperly cleaned boards), solder fluxes, and other films 
and residues left over from the construction process which 
can cause gross leakage problems and erratic device behavior, 
especially at temperatures above 85 C. 


For best results, the thoroughly cleaned boards should be 
protected against dirt, conductive films, and humidity by 
the application of a conformal coating. Urethane and Dow 
Corning’s R-4-3117 Silicone are easy to use and offer suffi- 
cient protection under most operating conditions. Epoxy 
results in a more durable coating but care must be taken to 
insure that it is cured properly; an improperly cured layer of 
epoxy will make the high temperature leakage problem 
worse. Union Carbide’s Parylene also results in a relatively 
durable coating. 


The ultimate leakage protection method consists of printed 
circuit metalization guard rings driven from a low impedance 
buffer amplifier whose output is at the same potential! as the 
pin being protected. This completely eliminates board sur- 
face leakage at critical pins by removing any difference in 
potential, but it is difficult to implement due to the extra 
buffer amplifier required and the tight PC board metaliza- 
tion spacings encountered. 
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p-channel JFETs en 
designed for... 0) ali 


= General Purpose Amplifiers BENEFITS 
@ JAN Approved Version Available 


(NVf) 6090NZ 


TO-18 
See Section 6 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain and Gate-Source Voltage (Note 3)......... 30 V D 

Gate Current, Forward Biased (Note 1)............ 50 mA 

Total Device Dissipation (Derate 2 mW/°C) ....... 300 mW : f 

Storage Temperature Range ........... .« «765 to +200°C . s G.c s 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic ny Test Conditions 


Legg Gate Reverse Current | | 80 | _nA_|_Veg=30V, Vpg=0V 


$ 
Gate-Source Breakdown 
317] Bv Ia = V V 
A GSS Voltage Tory 2 ace 
T 
ie Cutoff 
4}ltv 4 Vv =e = 


Saturation Drain 
V =-5V,V =f V 
Common-Source . 
‘6 Ofs Forward 2500 umho Vos = -5 V, Ves=0V f=1kHz 
Transconductance 
Common- Source Input 
C; V =-5V,V | Vos=-8V.ves"1V f=140kH 


“JEDEC Registered Data 


NOTES: 

1. Not JEDEC Registered 

2. IGss is JEDEC Registered at VGg = 5 V 

3. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 


o 


Siliconix 54 


2N3819 


PREFERRED PART 2N5457 


n-channel JFET — iE Din 


designed for eee Performance Curves NH NRL 


See Section 4 
= General Purpose Amplifiers — 
e e e Low Cost 
m Analog Switching © Specified at 100 MHz 


e Automatic Insertion Package 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Drain-Gate Voltage ......... ccc cee ween eee 25 V Plastic 
Drain-Source Voltage ............seeeeeeeeeeees 25 V eee ie 
Reverse Gate-Source Voltage ................. -25 V = 
Gate Current ..... Pe eee ee ere ee 10 mA 
Continuous Device Dissipation 3 
at (or Below) 25°C Free Air Temperature . 
(Note 1) ........ ee fee em 200 mW . é 
Storage Temperature Range........ -55°C to +150°C | 
Lead Temperature ° a 
(1/16” from Case for 10 seconds) ........... 260°C ° none ew. 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic . | Min 


BVGss Gate-Source Breakdown Voltage 


Gate Reverse Current = 


Ipss Saturation Drain Current 


Gate-Source Voltage 


VGS(off) Gate-Source Cutoff Voltage end 


Common-Source Forward 
lYFs| Transfer Admittance 2000 


Test Conditions 


< 


Ig=—1 BA, Vps = 0 


Vas =—15V, Vpe =0 : 
ee e Ta = 100°C 


Vps = 15 V, Veg = 0 (Note 2) 


= 


N 

A 
oe) 
3 
> 


” 
: 


q) 
7) 


Vps = 15V, Ip = 200 uA 
Vps =15V,Ip=2nA 


OpyoprRh | _ op no] = 


and : . 

(eo) © [oe] ~J 

Oo-Zpz<o O-4>40 
oO 
8 


Vps = 15 V, Vgg = 0 (Note 2) f=1 kHz - 
Common Source Output DS GS 


Admittance 


ee Fe 
7 pF 
Capacitance 


Y lYos| 


or Vps = 15 V, Ves = 0 f= 1 MHz 
Cc Common Source Reverse e 
rss Transfer Capacitance ° ; 
Common Source Forward _ - _ . 
” Ivfs! Transfer Admittance nee VDS = te eVGs@ BE ee eke 
* JEDEC registered data NH 
NOTES: mate 


1. Derate linearly to 125°C (free air temperature at a rate of 2 mW/°C). 
2. Pulse tested pulse width = 100 ms, duty cycle < 10%. 
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n-channel JFETs 


designed for... nea 


ss 


Siliconix 


= Small-Signal Amplifiers BENEFITS 
° @ Operates from High Supply 
# Oscillators Wolianes 
BVcss > 50 V 
* ABSOLUTE MAXIMUM RATINGS (25°C) 
TO-72 


Gate-Drain or Gate-Source Voltage (Note 1) . . . -50V 
Gate Current ... . ~ . « « 1O0MA 
Total Device Bistaations at fai Below) 25°C 

Free-Air Temperature (Note 2) . ... . . 300mW 


D 
Storage Temperature Range ..... . -65to+200°C 
G 
Lead Temperature 
(1/16" from case for 10 seconds) .... =... 300°C s 
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic | 2naez1— ]—ansezz | 2Nse23 
i eae ee el 
| 


See Section 6 
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Noise Figure 


Equivalent Short-Circuit Input 
Noise Voltage 


| eer ae eae ee) a 
5 2 
-] 
6 + |DSS_ Saturation Drain Current (Note 3) dOnt 228.54 5] 21 wf 4] 20) mA | Vps=15V,VGs=0 
Common source Forward 1500 | 4500 | 3000 | 6500 | 3.500 
Transconductance (Note 3) 
Common- Source Forward 
Common-Source Output 
Common-Source Input 
" is Capesiianee ia rs zx 
"1 Cc Common-Source Reverse Transfer 5 
rss Capacitance 


~ 
LS) 
NR 


*JEDEC Registered Data. 


NOTES: 

1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
2. Derate linearly to 175 C free-air temperature at rate of 2 mWw/°C. 

3. These parameters are measured during a 2 msec interval 100 msec after d-c power is applied. 


Slceonix 


Vos = 15V,VGgs=0, 
Rgen = 1 meg, BW = 5 Hz 


nv 
war | Vos = 15 V, VGs = 0, BW=5Hz 


6,500 
umho 
Vps=15V,VGs =0 


Q) 
ie) 


Test Conditions 


Vo6s = -30 V,Vps = 0 
GS DS 150°C 


Ig = -1HA, Vos = 0 
Vps=15V,ip =0.5nA 
Vos =15V,1p =50uA 
Vps = 15 V, Ip = 200 vA 
| Vps=15V,Ip = 400A 


f=1kHz 
f = 100 MHz 


f=1kHz 


f= 1 MHz 


f= 10 Hz 


NRL 


ECB8ENS CCSENT LOSENZ 


2N3824 


n-channel JFET 


designed for... 


= High Speed Commutators 
= Choppers 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage (Note 1) -50 V 
Gate Current . . . . 2. ee ee ee 10 mA 
Total Device Dissipation at (or below) 25°C 
Free-Air Temperature (Note 2) : . 300 mW 
Storage Temperature Range ~65 to +200°C 
Lead Temperature 
300°C 


(1/16’ from case for 10 seconds) 


Siliconix 


Performance Curves NRL | 
See Section 4 _ 


BENEFITS 


@ Low Insertion Loss 
— tds(on) < 250 & 

@ High Off-lsolation 
ID(off) <0.1nA 


TO-72 
See Section 6 


SS) 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


| Characteristic | min | Max | Unit Test Conditions 
1 nA 
—~1 s | IGss Gate Reverse Current || 0.1 | na VG6s =-30 V, Vps=0 ; 
A . 
3|T | BVgGss Gate-Source Breakdown Voltage ps0} fv | Ig =-1 KA, Vps=0 
— | 
he a aan le Pia (AE Oe eee i 
LA 150 C 
5] D1 rds(on) Drain-Source ON Resistance = 250 V6s=0V, Ip =0 f= 1 kHz 
YY: ; 
N 
6] A | Ciss Commoan-Source Input Capacitance | |e] oF Vps=15V, VGsg=0 
Hs : f= 1MHz 
71 CC} Cys Common-Source Reverse Transfer Capacitance fe ge Ves=-8V, Vps=0 
*JEDEC registered data. NRL 


NOTES: 


1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 


2, Derate linearly to 175°C free-air temperature at rate of 2 mW/°C. 


Siliconix 


dual n-channel JFETs ee 


designed for eee : : sartaiwnice Curves NNR 


See Section 4 


m= Differential Amplifiers BENEFITS 
; @ Minimum System Error and Calibra- 
tion 
5 mV Offset Maximum (2N3921) 
@ Simplifies Amplifier Design 
~ Low Output Conductance 


TO-71 
See Section 6 


*ABSOLUTE MAXIMUM RATINGS (25°C) | hy rh 
Gate-Drain or Gate-Source Voltage -50 V 


Gate CuUnrent sei cae he Sale oe ou died he mecns .. 5OmMA 
Total Device Dissipation 

(Derate 1.7 mW/°C to 200°C) ............... 300 mW 
Storage Temperature Range.............. ~65 to +200°C 


_ Bottom View 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise asa 


Characteristic Test Conditions 
1 
IGss Gate Reverse Current as em ee VGs = -30 V, Vps = 0 = 
2 a ee on 100°C 
318 IBVDGO —_Drain-Gate Breakdown Voltage Drain-Gate Breakdown Voltage i een Sees Ip =1yA, Ig =0 
ran VGSloff) Gate-Source Cutoff Voltage Vps=10V,Ip=1nA 
A (off) 
51T1Vcs Gate-Source Voltage -0.2 Vps = 10 V, Ip = 100 nA 
6 |! . 
Ci il Gate Operating Current . 
7 : 100°C 
8] -| Ipss Saturation Drain Current (Note 1) | tt 10 
9 Ofs Common-Source Forward Transconductance (Note 1) 
10 | D | gos Common-Source Output Conductance 
11 . Ciss Common-Source Input Capacitance f= 1kHz 
12 | a | Crss Common-Source Reverse Transfer Capacitance 
13 . Ofs Common-Source Forward Transconductance 
mho | VpG=10V,! 700 uA | f=1kHz 
14 Jos Common-Source Output Conductance . a “ oe OP eters 
15 Spot Noise Figure pf ef ae Vps=10V,VGgs 0 > u pas , 
G = | meg 
nie | 2n3021 | 2n3022 | 2Na084 _muoes | Preae 
aracteristic nie ifn iP est Conditions 
16 IVGs1-VGs2!° Differential Gate-Source Voltage ae ES 


. Al eei-V | Gate-Source Differential Voltage | Ta= OC 
17 ae GS2 Change with Temperature 25 25 pn Voc = 10v,}_A 
v (Note 2) Ip = 700 uA |TB = 100°C 


) 
18 “fs1 Transconductance Ratio f=1kHz 
OFs2 (Note 3) . 
JEDEC registered data. NNR 
NOTES: 


1. Pulse test duration = 2 ms. 
2. Measured at end points, Ta and Tp. 
3. Assumes smaller value in numerator. 


Siliconix 0-5 


OF 
v, 


S80PNZ v80PNZ ZZ6ENT LZ6ENTZ 


PREFERRED PART 2N5196 


2N3954 A PRER 2N3955 2N3955A 


matched dual — LE 
n-channel JFETs ——_serformence ores nor 
designed for... BENEFITS 


® High Accuracy & Stability 
Offset Less Than 5 mV (2N3954, 54A) 


m Low and Medium Frequency Drift Less Than 5 uV/°C (2N3954A) 
: | : HH ® Wide Dynamic Range 
Differential Amplifiers fg Stocifiod @ Ving = 20 V 
# High Input eee nee 
Impedance Amplifiers ee 
TO-71 
ABSOLUTE MAXIMUM RATINGS (25°C) Siege 
Any Case-To-Lead Voltage...........e.000e- ... £100 V Oa (ie 
Gate-Drain or Gate-Source Voltage soit Rah Satie nde ..... 70V Gy G2 
Gate-To-Gate Voltage ........ 2. cee ee eee +4 00 V 
Gate Cumann tins said o discese wo www aed Ou & Caravan 50 mA $10 OS2 
Total Device Dissipation 85°C (Each Side). . .. 250 mw 
Case Temperature — (Both Sides) ..... .,. 500 mW 
| Power Derating (Each Side) ............... 2.86 mW/°C 
(Both Sides) ............... 4.3 mw/°C La es 
Storage Temperature Range .......... -~65 to+ 200°C ye eee 
Lead Temperature (1/16” from case for 10 seconds) ... 300°C Bottom View 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


=| 
ee Ee ee Vas = -30V, 


1 
| t B 
Zz) es ee ea [800 eA|vos=0 [Ta T26°C 


Gate-Source Breakdown Vps =0, 
Gate-Source Cutoff o _ of a Vps = 20V, 
4 VGS(off) Voltage 4.5 1.0 1.0 1.0 Ip=1nA 
A Gate-Source Forward Vps=0, 
Vest) Voltage Sa 0 


5 

: ae Ee ee a eee ee ee ee [Ee ip = 50 vA 
7] ¢| Yes GeteSource Vole? =0s|=20 | os [a0 [os] 40 [ost ao] YOST ON [ip =200nA 
8 
9 


Characteristic 


Guw omratngourem bob =s0f | -s0[ [0 [| -80 | 9A | Vos=20V. 
Pf 360 [250 [250 [=250 [nA | p= 200ua [a= 127 


G 
Saturation Drain Vps = 20 V, 
11 Common-Source Forward | 1000 | 3000 | 1000 | 3000 | 1000 | 3000 | 1000 | 3000 ; 
12 Transconductance | 1000 | aaa = ae ee 1000 ry 1000 os an 
13 Common-Source Output 35 eae 
Y Jos Conductance 
Common- Source Input 
4 a te A 
Common- Source Reverse 
17 Common Source Spot Vos ae V, f=100H 
Noise Figure = z 
Re = AG MQ 
A Differential Gate VDS > 20 V, a 
M Saturation Drain Current Vps = 20 ue 
19] a|'ossi/oss2 Ratio Note 1) foss| v0 [ ase [10 [ oss | 10 ier Ge ves 0 
Differential Gate-Source 
alglpeerer terror [sol sof [reo [se 


2 | alves1-Vas2 Voltage Change with Pf ost fT ost of 2} ™ J vpg-20v, — r= 28°C to -55°C 
2216 Temperature tf oes Ip = 200HA =| T= 28°C to 128°C 


f= 1 kHz 
f = 200 MHz 


f=1kHz 


= 1MHz 


Transconductance ua 
* JEDEC registered data 
| NOTE: NOP 


1. Assumes smaller value in numerator. 


2-6 Siliconix 


| is 
matched dual “own | BS 
7 Siliconix | # % 
‘Performance Curves NQP mo 
n-channel JFETs — ap 
designed f o 
esigne or e@ @ @ BENEFITS 0 8 
7 @ Wide Dynamic Range | MN 
m Low and Medium Frequency Ig Specified @ Vpg = 20 V 0 0 
Differential Amplifiers eee eapecualee “1 
P Ciss < 4 PF N ~ 
. High Input Impedance Amplifiers = < XS 
*ABSOLUTE MAXIMUM RATINGS (25°C) acai = %) 
Any Lead-To-Case Voltage........... ae oth ake ., £100 V Dy 02 = 54 
Gate-Drain or Gate-Source Voltage ............... -50 V P 60 
Gate-To-Gate Voltage .......... ccc cece cee ees +100 V ' “2 
Gate Current 2.0... ccc sues saeees ee eee 50 mA oy ee 
Total Device Dissipation 85°C (Each Side),....... 250 mW of es 
Case Temperature (Both Sides)....... 500 mW 
Power Derating (Each Side)............. ... 2.86 mW/°C 
(Both Sides) .......... ate 4.3 mw/°C 
Storage Temperature Range.............. -65 to +250°C d 
Lead Temperature (1/16” from case for 10 seconds). . . 300°C be rae a a i 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


N 
z 
w 
© 
ol 
~“ 
Cc 


Test Conditions 


= 
+ 


Characteristic 


1 = 
| Gate Reverse Current Vos =-30 V, Vps =0 
7a IS sti ea 2 a Ta = 180°C 
Gate-Source Breakdown 
3 BVGss Voltage } 60 Vps=0V,IgG =-1HA 


Vos = 20V,Ip=1nA 
Vos =0V,igG=1mA 
Vos = 20 V, Ip = 50 vA 
Vos = 20V, Ip = 200HA 


Vps = 20 V, Ip = 200 uA 7 


Vps = 20 V, Vas =0 


. VGS(f) Gate-Source Forward Voltage 


100 
z= 
= VGS(off) Gate-Source Cutoff Voltage 
[220% 


BEEREROEG 
OO} a 


[E 
r=) 
ra) 
S 
He 
ro) 
° 
w 
ro) 
° 
ros) 
5 sg zo) 5 ales eo a|> 
3 > mn 3 >| >|> >| > 
3 


Gate Operating Current 


‘ay 


OLalrni alas 
O— 
< 
9) 
7) 


Gate-Source Voltage = 


10 IDSs Saturation Drain Current 


¥=1kHz 


1 ive Common-Source Forward 3000 
12 Yts Transconductance 1000 i ef f = 200 MHz 
Common-Source Output ™ 
13 |p| Yos Conductance P| 38 | 7 oe ene 
Y zi G Race Vos = 20 V, Vgs = 0 
Nic. ommon-Source Inpu 
is A Ciss Capacitance 40) 
f = 1 MHz 
15 M Cc Common-Source Reverse 12 
Ese Transfer Capacitance : 
16 Cago Drain-Gate Capacitance a VpG = 10 V, Ig =0 
Common-Source Spot Vos = 20 V, Ves =0V, a 
Vv NF Noise Figure ) 05 | Rg = 10 MQ f= 100 Hz 
Vps = 20V, Ip =200KHA | T= 125°C 


Saturation Drain Current 


A| 'pss1/IDSS2__ Ratio (Note 1) Vps = 20V, Vas = 0 


Differential Gate-Source 


Voltage 


t | Mas1-Vase! 


Gate-Source Voltage T = 25°C to -55 C 


—_ 
2 nN 
ron) wm 


eacianl Differential Gate Reverse 
G1-'G2 Current 


NOP NM |] fh — aa 
Wi not — [<e] (oe) 
[—“az-s0-e 


| 4'Vasi-Vesa! Differential Change With : Vos 20V,,.(p- 200 4a — : 
Temperature -_ T=25 Cto 125 C 
9f51/9Fs2 Transconductance Ratio f= 1kHz 
(Note 1) 
* JEDEC registered data 
NOTE: 
1. Assumes smaller value in numerator. NOP 


Siliconix 9-7 


2N3970 2N3971 2N3972 


n-channel JFETS wt aic 
designed for... —=—=_Seiiommgnce curves NCA 


= Analog Switches — BENEFITS 
@ Low Insertion Loss 
m Choppers — DS(on) < 30 & (2N3970) 
oge - 3 ® Good Off-lsolation 
= Amplifiers | ID (off) < 250 pA 
*ABSOLUTE MAXIMUM RATINGS (25°C) . aes 
. e Section 6 
Reverse Gate-Drain or Gate-Source Voltage don Ba ss Jeet —-40 V 
Gate Current...........0-0eceeceuceee REE Cree 50 mA 
Total Device Dissipation at 25° C Case Temoerature | 7 
CIN GGG.) 4 grahicce) tw ah esto ace Sw Ap bw ashe ata boat ahace .1.8W D 
Storage Temperature Range .............. -65 to +200°C 
Lead Temperature | : G 
(1/16” from case for 60 seconds) ............. ~800°C. > = : s 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


morn nee nome 72 | 


pherectaniatie: ; Test Conditions: 


eae er ae ae rs 
| er ee 
Fi = 5 << 
ve | '!D (off) | Drain Cutoff Current fas | Pa Pa Vos = 20 V, V@g=-12V - icone 
6| a| Vas(otf) Gate-Source Cutoff Voltage Ceiwee: Vpg = 20V, Ip =1nA 
Saturation Drain Current 
i IDSs _ (Pulsewidth 300 us, duty cycle < 3%) 25 | 30 ES Vps = 20V, Ves =0 


owt 


Ts00- 
150 

A I ee a ip=20 mA 
ket er eee : 
ie 

PT 


VDS(on) Drain-Source ON yeleae 


11 DS(on) Static Drain- Soures ON Resistance 


12 Tds(on) Drain-Source ON Resistance 


13 v Ciss Common-Source Input Capacitance 3 
Common-Source Reverse Transfer a 


ame se = 
Tt 


Capacitance 


Vpp = 10 V, VGS(on) = 9 


Turn-On On Delay Time 


td(on) a ID(on) RL VGsioff) 
_ = Turn-Off Time 2N3971, 10mA 85002 -5V— 
2N3972_ 5mA_1.6KQ - 3V_ 
/ NCA 
*JEDEC registered data. R [,-Y00=Voxow vA 
{ON} INPUT PULSE SAMPLING SCOPE: _ 
NOTE: VIN 3] (OUT RISE TIME 0.25ns ———RISE TIME 0.4 ns 
Rg FALL TIME 0.75 ns INPUT RESISTANCE 10M \ 


. ie} 
1. Derate linearly at the rate of 10 mW/ C, {502 | PULSE WIDTH 200ns INPUT CAPACITANCE 1.5 pF 
; . ~ PULSE RATE 550 pps , ; 


2-8 | Siliconix 


n-channel JFETs 


designed for... 


= Analog Switches 

= Commutators 

m= Choppers 

= Integrator Reset Switch 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Reverse Gate-Drain or Gate-Source Voltage......... -40 V 
Gate COtrentsc buss helena eanide cauee se baw ee 10 mA 
Total Device Dissipation at 25°C Case Temperature 

(Derate 10 mW/°C) ..... ck hay ak ates Sle a 1.8 W 
Storage Temperature Range......... ee -55 to +200°C 
Lead Temperature 

(1/16" from case for 60 seconds).............. 300°C 


15 


Performance Curves NCA | 
See Section 4 
BENEFITS 


@ Low Insertion Loss 
High Accuracy in Test Systems 
tDS(on) < 30 2 (2N4091) 
® High Off-lsolation 
ID(off) < 200 pA 
@ High Speed 
trise < 10 ns (2N4091) 


@ Short Sample and Hold Aperture Time 
Crss < 5 pF 


TO-18 
See Section 6 


G,C 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


Drain Reverse Current 


IDGO 


ID(off) Drain Cutoff Current 


Ss 
T 
A 
T 


10] ¢ | VGs(oft) Gate-Source Cutoff Voltage | -6| -10 | -2| -7 


Saturation Drain Current 


'T) | 'pss (Note 1) 

12 

13 VDS(on) Drain-Source ON Voltage 
14 


15 DS(on) Static Drain-Source ON Resistance 
rds(on) Drain-Source ON Resistance 


Ciss Common-Source Input Capacitance 


Cc Common-Source Reverse Transfer 
rss Capacitance 


D 
Y 
N 
19 a td(on) Turn-ON Delay Time 


= whlw lO 
ao O10 | 
NO) Oo 


20 pN40s1  66mA 12.4259 
21 toff Turn-OFF Time 2N4092 . “8 1 
2N4093 2.5 -6 _ 1120 
*JEDEC registered data. Vpp NCA 
INPUT PULSE SAMPLING SCOPE 
NOTE: Re RISE TIME <1ns RISE TIME 0.4 ns 
1. Pulsewidth = 300 Us, duty cycle < 3%. D Vout FALL TIME <1ns INPUT RESISTANCE 10M 
VIN PULSE WIDTH 1 us INPUT CAPACITANCE 1.7 pF 
S PULSE DUTY CYCLE < 10% 
+ PULSE GENERATOR IMPEDANCE 502 
Siliconix 9-9 


ra a a] | 
Pain [max | Min [ Max | Win | Max 
peggy oe re on rs erga iG=-1HA,Vps=0 


Test Conditions 


— A veg =-20V.t520 ea 
150°C 
Mes ON noe 5 C 
Vps =20V | ves=- av - 8V erm a 
ves=-12¥} 150°C 


|v | Vps= 20V,Ip=1nA 


ae vos. 


ooo Ip =2.5 mA 
VGs=0 Ip=4 mA 
ip =6.6mA 


| a | ves= 0,ID=1mMA 
Ves =0, Ip =0 f= 1 kHz 
Vps = 20 V, Vgs = 0 


f = 1 MHz 
Vps =0,VGs= -20 V 


VpD =3 V, VGS(on) = 9 
ID(on) VGS(off) RL 


N 
Oo 
uo) 
ae 


Sa1uaS L6OVNd LNA TIVAINGS JILSV 1d 
XLNVf S600UNZ ZC60PNZ L6OPNZ 


-2N4117 2N4117A 2N4118 2N4118A 2N4119 2N4119A 


PREFERRED PARTS FN4117 SERIES, PLASTIC EQUIVALENT PN4117 SERIES 


* ABSOLUTE MAXIMUM RATINGS (25°C) Pe ee 
Gate-Drain or Gate-Source Voltage (Note 1) ........ -40 V 
Gate- Current 4k el eee eo ee Rae ee 50 mA 
Total Device Dissipation | | 
|  (Derate 2 mW/°C to 175°C) .........2 0c eee 300 mW : 
Storage Temperature Range.............. -~65 to +175°C ao 
Lead Temperature 
(1/16’ from case for 10 seconds).............. 255°C s 


2-10 


designed for .. . performance Curves NT 


|\m@ Ultra-High Input BENEFITS 
Impedance Amplifiers © Low Power 
ae Ipss < 90 uA (2N4117) 
Electrometers @ Minimum Circuit Loading 
pH Meters _ lass < 1 pA (2N4117A Series) 


Smoke Detectors 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


2N4117 ae 2N4119 
Characteristic 2N4117A 4118A 2N4119A Test Conditions 


Pin [wor [ in [i [Min | Max | | 
u less rere Reverse Current fe tet PL AL veg 20v.v05=0 | 
2 US [as [Fas [Fas [nn] Yes" 2¥ Vos"? 
3] T |, Gate Reverse Current eae eseee Esmee 
|| [Bes —oosarsomnemvonm [ol [al |e Gectanvpgro 
1g I Sie) Biman 
| [oe carom Ton ee [om es 


8 Common-Source Forward 70 
Sfs Transconductance (Note 2) 


D # 
Y f= 1kHz 
g|N Common-Source Output 

A Jos Conductance . 

M Vps = 10 V, Vgs = 0 
10 Cc: Common-Source Input 3 3 3 
} I | iss Capatitance 

C f = 1 MHz 
1 Cc Common-Source Reverse Transfer 15 

rss Capacitance ; 
NT 


*JEDEC registered data. - 


NOTES: 
1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
2. This parameter is measured during a 2 ms interval 100 ms after power is applied. (Not a JEDEC condition.) 


Siliconix 


n-channel JFETs SE 
designed for ee ae oe Performance Curves NRL 


See Section 4 


= Small-Signal Amplifiers BENEFITS 

e ge @ High Gain 
a VHF Amplifiers @ Low Receiver Noise Figure 
= Oscillators 


= Mixers 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


TO-72 
Gate-Drain or Gate-Source Voltage (Note 1) ........ -30 V ees 
Gate CULrene oa bs Si aod thee ices he eee Ge 10 mA 
DAI GUILE 6028 beg cpt de nee Sate a mle epee eee 15 mA 
Total Device Dissipation at (or below) 25°C 

| Free-Air Temperature (Note 2) .............. 300 mW oy 
Storage Temperature Range.............. -65 to +200°C P 
Lead Temperature 

(1/16” from case for 10 seconds). ............ 300°C s 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
2N4220, 2N4221, 2N4222, 
Characteristic EAEAEAS Test Conditions 


IGss Gate Reverse Current Pps fa feta Vos =-15V, Vps =0 


—_ 


VWOCCUNG CCCUNG VILCCUNZ LCCUNC VOCCUNG OCCUNZ 


ap rag —coiemeoee TS] Tt Tt =100hVos=0 
ae ee ee ea ere 


[sor | 60) | 200, [2007 [eo0r [reo | ea 


Saturation Drain Current 
| [es BS reef of] 2] |] [ms freee 


Common-Source Forward = 
7 Ofs Transconductance (Note 3) 1000 | 4000 2000 5000 2500 | 6000 f=1kHz 
Common-Source Forward _ 


Y 

Common-Source Output _ 7 ~ 

10 M C: Common-Source Input 
I iss Capacitance 

Cc oF 


f=1MHz 
1 Cc Common-Source Reverse Transfer 
rss Capacitance 
Noise Figure, Only 2N4220A, ae =15V,VcGs =0 2 
ie 2N4221A, 2N4222A 0 “ae ae Rgen = 1 meg ae ees 
*JEDEC registered data. NRL 
NOTES: 


1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
2. Derate linearly to 175°C free-air temperature at rate of 2 mw/°C. 
3. These parameters are measured during a 2 msec interval 100 msec after d-c power is applied. 


Siliconix 9-11 


2N4223 2N4224 


n-channel JFETS == | suse 
Performance. Curves NRL 


design ed . for e ee See Section 4 a 


= VHF Amplifiers - BENEFITS 
: @ Low Noise : . 
= Mixers | | NF = 3 dB Typical @ 200 MHz 
@ Easy Tuning | 
Crsg < 2 PF 


* ABSOLUTE MAXIMUM RATINGS (25°C) 


TO-72 

Gate-Drain or Gate-Source Voltage (Note 1)........ -30 V See Section 6 
Gate Current ............0008- Soa Satta basal tat 10 mA 
Drain’ Current: ace 6.2- io ee bread owe beaes 20 mA 
Total Device Dissipation at lor ‘Below 25°C 

Free-Air Temperature (Note 2) .............. 300 mW : D 
Storage Temperature Range....... t.eeaes ~65t0+200°C-  - ; 
Lead Temperature 

(1/16 from case for 10 seconds)....... visaietee. 800°C ‘ 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic ee Test Conditions 


cae oee ; | 


: BVGsSs Gate-Source Breakdown Voltage | 30} spe ig =-10 a Vps =0 


yO Ma SB 
‘ f[vesein cusmmcntvown Teas fea ws | Oar | WaT] 


51C]VcGs mateo pUnce Voltage 


Ww 


6] Ipss Saturation Drain Current iNow 3) pete tet ate Vps = 15 V, Ves = 9 


Common-Source Forward te 
7 ‘Tranisvonductance (NOt 3) 3000 7000 2000 . 7500 f= 1 KHz. 
D 
Common- Source Input = ~ 
: ~ pF . = 1 MHz 
- 9 Cc Common-Source Reverse 2 2 
TSS Transfer Capacitance 
Common-Source Forward ; 
10 IY Fs | Transadmittance 2700 i . 1700 = 
Common-Source Input , 
[lef Te] om 
Conductance (Output Shorted) Vps = 15 V, Vgg =0 
‘  Common-Source Output . 7 
12 Goss Conductance (Input Shorted) || 0 | | 200 See 
4 13 Small Signal Power Gain. }Gps Small Signal PowerGain = {| 10 {fT 
14 Noise Figure YDS @13.V. Vas 0, 
Rgen FlK ; 
*JEDEC registered data. NRL 


NOTES: 

1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
2. Derate linearly to 175°C free-air temperature at rate of 2 mw/°C. : 

3. These parameters are measured during a 2 msec interval 100 msec after d-c power is applied. — 


2-12 | Siliconix 


n-channel JFETs 


designed for... 


= Small-Signal Amplifiers 
m= Choppers 


& Voltage-Controlled Resistors 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage (Note 1) ........ -50 V 
Gate Current ......... Se Misia oar te eat iat ae 50 mA 
Total Device Dissipation (Note 2) .............. 300 mW 
Storage Temperature Range.............. -65 to +200°C 
Maximum Operating Temperature........... aeee 175°C 
Lead Temperature 

(1/16 from case for 10 seconds) ............05- 300°C 


a: 


Siliconix 


Performance Curves NPA © 
See Section 4 | 
BENEFITS 


@ Low Noise 
NF < 1dB at 1 kHz 
@ Operation from Low Power Supply 
Voltages 
VGS(off) < 1 V (2N4338) 
@ Simple Biasing Design with Tightly 
Specified Parameter Tolerances 
3:1 Ipss, Vp, gf, Ranges 
@ High Off-lsolation as a Switch 
ID(off) < 50 pA 


TO-18 
See Section 6 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise specified) 


Characteristic 


[Min | Max | Min | Max | Min | Max | Min | Max_ 
a 


Test Conditions 


1 
IGss Gate Reverse Current VG6s=-30V,V 0 
2 > dale So PG ee saul pss __|180°c 
Gate-Source arcacdawn 
Gate-Source Cutoff 
5 Ip (off) Drain Cutoff Current Oe e: i NA NDS tay 
a 5) Pa ae = ( 
Saturation Drain Current = 
Common-Source Forward 
U Sfs Transconductance (Note 3) ee $300: 3000 2000 | 4000 saclay 16 VeV = 
mho = 
8 Common-Source Output 15 : DS: o= f=1kHz 
Conductance | 
Drain- Source ON 
v 
f= 1MHz 


—_ 
— 


—_ 
i) 


*JEDEC registered data 
NOTES: 


Common- Source pe 
PF | Vps=15V, Vgs =0 
Cc Common-Source Reverse 3 
¢ HSS Transfer Capacitance 
Vps = 15 V, Ves =0 
NF Noise Figure 1 DS GS 
Rgen = 1 meg, BW = 200 Hz/f = 1 kHz 


NPA 


1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 


2. Derate linearly to 175°C free-air temperature at rate of 2 mW/°C 


3. These parameters are measured during a 2 msec interval 125 msec (Ipss) and 625 msec (gf) after d-c power is applied. 


(Not a JEDEC condition.) 


Siliconix 


LVEYNZ OVEYNZ 6EEVNT SCEVNZ 


2N4391 2N4392 2N4393 


PREFERRED PARTS FN4392 ‘SERIES, PLASTIC EQUIVALENT PN4391 SERIES 


n-channel JFETs 


\designed for... 


= Analog Switches 


|m Commutators 


= Choppers 


|™ Integrator Reset Switch 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Reverse Gate-Drain or Gate- Sonice Voltage ......... —40V ee 
Gate CUMICDE ccciutivatees Saba eisee See ew 50 mA See Section 6 
Total Device Dissipation at 25°C Case Temperature 
(Derate TOT0W/ GC) iwcdatenticnnace wren admates 1.8W 
Storage Temperature Range .............. —65 to +200°C 
Lead Temperature ‘ 
(1/16” from case for 60 seconds) .............-. 300°C 
| Pe 
G,Cc 
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) s 


Characteristic 


mo: ! 
Siliconix 
Performance Curves NCA 
See Section 4 


BENEFITS 


@ Low Insertion Loss, High Accuracy in 
Test Systems rps(on) < 30 2 
(2N4391) 

@ No Offset or Error Voltages Generated 
by Closed Switch — 

Purely Resistive 
High Isolation Resistance from 
Driver . 

@ High Off-lsolation Ip(off) < 100 pA 

®@ High Speed toy < 20 ns 


Test Conditions 


1 
Vv erae V,Vps=0 

2 G8 a 150°C - 

3 40] |v | ig=-1HA,Vps=0 

4 
. 6 

s1s] ID (off) Drain Cutoff Current Vps = 20V 160°C 

8] } | 

0 A cee G21 9A vos=0 
2) fos Rarimerern Tf [mf 6 ll emi 

13 a a ae ae ee ip=3mA 
14 VDS(on) Drain Source ON: Voltage ee eee ee Vv VGs=0 Ip=6mA 

15 Ear ee iD= i2 mA 

16] _[Tos{en) Sate DrainSouree ON Rew [| 90-[ | 00 [v0] @ | ves=0 1p =1 ma 

pe a BS 

18] p|Ciss ___CommonSource input Capacitance || || a] [14] | Vos=20v.ves-0 

to} ¥ EE ae ate eee Maes eens as ea es FRE f=1MHz 

20 Crss Capacitance a” 2 eee eee Vos = 0 

21 | ak ee ee ee ae | Ves = -12V | 

22| | tafon) Tum ON Delay Time ———~+| | 16 | | 18] | 18] ] von=10¥, vasion)= | 
Z| s[% _-RieTime——=—SC~CS~—~‘isSCdY sf] dT Cd IDfon) —“Vastoff) = 
24|W [atom _Turn-OFF Delay Time | | 2 | | a5 | 80] ™ | 2nasen tama tv 

=| [x rm EP tt Tl fe SS 

% : VoD 
NCA 

*JEDEC registered data. nee aie 

NOTE: cet cale 512 

1. Pulse test required, pulse width = 300 Us, duty cycle S 3%. PULSE 'D(on) 

a IN INPUT PULSE SAMPLING SCOPE 


RISE TIME < 0.5 ns 
FALL TIME < 0.5 ns 
= PULSE DUTY CYCLE 1% 


Siliconix 


RISE TIME 0.4 ns 
INPUT RESISTANCE 50 2 


n-channel JFETs — s 


Siliconix 


designed for is Performance Curves NH 


See Section 4 


= VHF Amplifiers BENEFITS 
° @ Low Noise 
mw Mixers NF = 3 dB Typical at 400 MHz 
@ Wide Band 


High g¢,/Cjcsg Ratio 


VOLVUNZ ILVUNG 


9LbyNd LNJIVAIND DILSW1d 


*ABSOLUTE MAXIMUM RATINGS (25°C) te 
ee Section 6 

Gate-Drain or Gate-Source Voltage, 2N4416........ -30 V 
Gate-Drain or Gate-Source Voltage, 2N4416A ...... -35V 
Gate Current ........ ds daurs seas a a cv bovtaed, daaap oe a 10 mA 
Total Device Dissipation (Derate 1.7 mW/°C) ..... 300 mw D 
Storage Temperature Range.............. -65 to +200°C 
Lead Temperature 

(1/16’’ from case for 60 seconds)........... ... 300°C s 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic Test Conditions 


pee Ot [na 
| Gate Reverse Current V6s =-20V,Vps=0V 
S 
T 30 | 24416 
3 BVGSss Gate-Source Breakdown Voltage V Ig =-1uA, Vps=0V 
A 35 ae 2N4416A 
T 
4|C] VGS(off) Gate-Source Cutoff Voltage 7 er eee Vv Vps=15V,Ip=1nA ONaAIGA 
5 Ipss Saturation Drain Current (Note 1) | 5 | 15 | ma | 
6 |p| 9s Common-Source Forward Transconductance } 4500 | 7500 f=1kHe 
Z if Jos Common-Source Output Conductance | | 50. | amo | 
; Vps = 15 V,Vq@s =O0V 
8 . Crsg Common-Source Reverse Transfer Capacitance | | os | pr 
9} 1] Ciss Common-Source Input Capacitance oe ee : f= 1MHz 
Cc p 
10 Coss Common-Source Output Capacitance aes 


I 
G Digs Common-Source Input Susceptance a 2500 Le 10,000 
H 
g 75 Emho 
. oss | Conductance Vps = 15 V, VG6s =OV 
Common-Source Output 
U 
Common-Source Forward 
* JEDEC Registered data NH 
NOTES: 


1, Pulse test duration = 300 us. 


Siliconix 2-15 


2N4856 2N4857 2N4858 2N4859 2N4860 2N4861 JAN TX 


‘™ Integrator Reset Switch 


n-channel JFETS g§ = 5... | 


Performance Curves NCA 


designed for... | $e6‘Section 4 


= Analog Switches BENEFITS. 


@ Low Insertion Loss and High Accuracy 


i Commutators _— in Test Systems 


'DS(on) < 25 & (2N4856, 59) 


® High Off-lsolation 
ID(off) < 250 pA 
@ High Speed 


m= Choppers 


| ton <9 ns 
*ABSOLUTE MAXIMUM RATINGS (25°C) 
Reverse Gate-Drain or Gate-Source Voltage, 
2N4856-58........... Aha liaesie totes vee. 40V se 
Reverse Gate-Drain or Gate-Source Voltage, See Section 6 
2N4859-61 .....0.. 00... cece anes Leone -B0V | - 
Gate Current ...... 0.0. cc eee eee eee ee 50 mA 
Total Device Dissipation at 25°C Case Temperature 
(Derate 10 mMW/°C) ......... 00. cee eee i... 18W 
| Storage Temperature Range..... 2 areas .... -65 to +200°C 


lead Temperature 
(1/16” from case for 10 seconds).............- 300°C - 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


i. 2N4856 ~ 2N4857 2N4858 
Characteristic Rie ia ain | Ws 2N4860 2N4861 Test Conditions 


aes less Gate Reverse Current Po a = 2 ooo Vos : se 
ae | sae ei ves==15v, |__ 
a forint Carn pe a Vos = 18, 


0. ai 
' Ves = 0, z 
12| Tds(on) Drain-Source ON Resistance 40. In =0 f=1 kHz 
D~ 
Y . . 


Ciss Common-Source Input Capacitance 


Vps = 0, 
Cc Common-Source Reverse fe toe eee a) oe =-10V f = 1 MHz 
rss fe toe eee 
15 td(on Turn-ON Delay Time i ns ie) trai 
(on) 
{-10] {-6] {-4] } [Vv] 


" : . 
es aoe oy | 464 2, 2N4856, 59 
 16]¢ Rise Time 1201 ito 5 ina ony RL = 953 ©, 2N4857, 60. 
iG [101 1 joe: 1910 2, 2N4858, 61 
; \ GS(off) = [1] 
100 — 
me toff Turn-OF F Time ns iio) (5) fren . 
[-10] [6] [-41 | tv] 


NCA 
* JEDEC febistered data. 7 Vpp-VpsioN) 
; 5 ID(ON) INPUT PULSE SAMPLING SCOPE 
NOTE: VIN Vout RISE TIME 0.25 ns RISE TIME 0.75 ns 
1. Pulse test required, pulsewidth = 100 us, duty cycle < 10%. Rg $ FALL TIME 0.75 ns INPUT RESISTANCE 1M — 
502 PULSE WIDTH 100 ns INPUT CAPACITANCE 2.5 pF 


= = PULSE DUTY CYCLE < 10% 


2-16 Siliconix 


n-channel JFETSs § # £4. 


Siliconix 


designed for... See Section @ 


= Analog Switches BENEFITS 


a Commutators in Test Systems 


(DS(on) < 25 &2 (2N4856A, 59A) 
@ High Off-lsolation 


m Choppers 


= Integrator Reset Switch ID(off) < 250 pA | 
@ Short Sample and Hold Aperture Time 
Crsg < 4 pF 
*ABSOLUTE MAXIMUM RATINGS (25°C) @ High Speed 
Reverse Gate-Drain or Gate-Source Voltage, ton <8 ns 
2N4856A-58A. . 1... ee ee ee ee —40 V | a 
-Reverse Gate-Drain or Gate-Source Voltage, TO-18 
QN4859A-61A. 00. ccc eee ees ~-30V pas wersion® 
Gate Current. ........... cece eer e reece .... 5BOMA 
Total Device Dissipation at 25°C Case Temperature 
(Derate 10 mW/" C) v4 ches Seeds eee eee 1.8 W 
Storage Temperature Range ............ —65 to +200°C 7 
Lead Temperature 
(1/16” from case for 10 seconds) ............. 300°C 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


2N4856A 2N4857A 2N4858A 
Characteristic in| ia enese0e Te a A Unit Test Conditions 


fc ac 


iGss Gate Reverse Current | soo | 800 || 500] na DS 150 C 
: 2N4859A-61A | | -250 | | -250 | =~ -250] pa _| Vos =-15 V, : 


0.75 0.50 0.50 


11 VpS(on) Orain-Source ON Voltage (20) (10) (5) mie |Yos =O,Ip=( ) 
12 "ds(on) Drain-Source ON Resistance eo oe 0 e f = 1 kHz 
13 y | Ciss -—-«s Common-Source Input Capacitance | Common-Source Input | Ciss -—-«s Common-Source Input Capacitance | 
oS oe eee -S Re Transf 
oS oe eee 


15 td(on) Turn-ON Delay Time oa hoi a ina 
[-10] [-6] [-4] 


a 
Z2-ro4a- 


ns 
17 toff Turn-OFF Time ti ei is} (mA) 
{-10] [-6] [-4] | [Vv] 


NCA 
*JEDEC registered data. Vpp 
R, = /2o-Vosion) 
NOTE: ID(ON) INPUT PULSE SAMPLING SCOPE 
1. Pulse test required, pulsewidth = 100 us, duty cycle < 10%. VIN Vout RISE TIME 0.25 ns RISE TIME 0.75 ns 
Rg s FALL TIME 0.75 ns INPUT RESISTANCE 1M 


502 PULSE WIDTH 100 ns INPUT CAPACITANCE 2.5 pF 
= = PULSE DUTY CYCLE < 10% : 


Siliconix 2-17 


@ Low Insertion Loss and High Accuracy 


VLOSUNZ VO9SUNZT V6SSYNZ 


ee ~ cue 464 2, 2N4856A, 59A 
Rise Time toi (10) 5) (mal joston) ) RL = 4953 &, 2N4857A, 60A 
[-10] [+6] [4] | tv] | Ofon) é 1910 9, 2N4858A, 61A 
Vesioft) = [) 


V8SSUNZ VLS8PNC V9OS8UNZ 


2N4867 2N4867A 2N4868 2N4868A 2N4869 2N4869A 


PlOpPNM]— 


n-channel JFETs ee] 
designed for... Performance Curves NPA 


im Audio and Sub-Audio BENEFITS 


Amplifiers @ UltraLowNoise ~~ | 
@y = 8 NVA/Hz Typical at 10 Hz 
Cn = 2 nVA/Hz Typical at. 1 kHz 


*ABSOLUTE MAXIMUM RATINGS (25°C) ee le 
Gate-Drain or Gate-Souce Voltage (Note 1) ... -40 V 
Gate Current or Drain Current ............... 50 mA 
Total Device Dissipation 
(Derate" 1: W7/°C) cccuscedilacdueniaehen 300 mW D 
Storage Temperature Range........ -~65°C to +200°C F 
Lead Temperature 
(1/16” from case for 60 seconds) ........... 300°C s 


| *ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) | | 
Characteristic a anne ee Test Conditions 


tn | Men 3 e 
A| BVGs5 Gate Source Breakdown Vonage | 40] _ = ig=-1 HA, Vps=0 

3 
1 

Cc 


VGS(off) Gate-Source Cutoff Voltage Sars ot Vos =20V,Ip=1uUA 
Saturation Drain Current 
os iS a 
Common-Source Forward 
6 Transconductance (Note 2) 2000} 1000} 3000} 1300} 4000 7 
Eumho 


f= 1 kHz 


j Common-Source Output 15 
Conductance 
Vos = 20 V, Vas =0 
8 Cc Common-Source Reverse Transfer DS GS 
rss Capacitance 
f=1 oe 


D 
Y 
: Common-Source Input 
oN [ Cis partes a a 


10 2N4867 Series 
f = 10 Hz 
11 Short Circuit Equivalent Input Vps = 10 V, | 2N4867A Series 
12 Noise Voltage Ves =0 2N4867 Series dati 
= z 
13 -2N4867A Series 
Vps = 10 V, Ves =0 : 
14 Spot Noise Figure R _ 20K, 2N4867 Series| f = 1 kHz 
gen 5 K, 2N4867A Series 
* JEDEC registered data. NPA 
_ NOTES: 


1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
_2. Pulse test duration = 2 ms. 


ent8 Siliconix 


p-channel JFETS jo 5. 


Siliconix 


designed for = ue te Performance Curves PSA 


See Section 4 


6LOSNZ SLOSNZ 


m Analog Switches BENEFITS 
@ Low Insertion Loss 
= Commutators 'DS(on) < 75 St (2N5018) 
, @ No Offset or Error Voltages Generated 
by Closed Switch 
m Choppers Purely Resistive 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Reverse Gate-Drain or Gate-Source Voltage rn Nii 
(NOtET)) 2. ty ta met at le te at i - ae Hw al BOW 
Gate Current .... tow ew ww e150 mA 
Total Device Dissipation, Free- Air 
(Derate3mW/°C) ....... 2... . . 500 mw ‘ 
Storage Temperature Range .... . .. -65to+200°C 
Lead Temperature f 
(1/16’’ from case for 60 seconds) ..... . 300°C s Gc s 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic Test Conditions 
1 BVGss Gate-Source Breakdown Voltage eee ce ee Ig=1HA, Vps = 0 


IGss Gate Reverse Current VGgs=15V,Vps =0 


GH Vos = =—15 V, VGs = 12 V (2N5018) 
fiom oenowtrcwen |] Se Se ba ert 150°C 


Ss 

T| Ipco Drain Reverse Current [ipo Drain Reverse Curent, f t=} __} 3 fo VpG =—-15 V, lg =0 
T]toco__Dramewecurent | FB EK 
C/ Ipss Saturation HIpsg saturation Drain Current Current: ng ——Seobovomer 0] Tt Pon Vps =-20 V, Veg = 0 


VcGs =0, Ip =—-6 mA (2N5018), 
Static Drain-Source ON 


11 rds(on) Drain-Source ON Resistance | { 75 | | 160] 2 | Ip =0, VGgs =0 f=1 kHz 


DI 7. Common-Source Input caer 2 

i Capacitance jet fs, E i a f=1MH 
p A z 
13 , Cc Common-Source Reverse Vps = 0, Ves = 12 V (2N5018), 
Pe Transfer Capacitance Vos =7 V (2N5019) 

14 elon) __ Torr ON Delay Tine Turn-ON Delay ltdion) _-sTurn-ON DelayTime | 15] | 15 | Vpp = -6 V, Vggion) = 0 
18 — a oT Ves(off) 'Dlon) RL 
16 td(off) Turn-OFF Delay Time Ff te] 8 2N5018 12V —6 mA 910 2 


OlPn]_ oOPoyaA > wd 


co 


PSA 
*JEDEC registered data. 0.1 pF 
NOTE Es a INPUT PULSE SAMPLING SCOPE 
1. Due to symmetrical geometry these units may be operated with piece MSEC ON 
é é + 4 ns 
source and drain leads interchanged. ae FALL TIME <1ns INPUT RESISTANCE 10 MQ. 
PULSE WIDTH 100 ns INPUT CAPACITANCE 1.5 pF 


REPETITION RATE 1 MHz 


Siliconix 9-19 


2N5045 2N5046 2N5047 


|monolithic dual 
n-channel JFETs 


designed for... 


High Gain Differential 
Amplifiers 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drainri or Gate-Source Voltage ............... -50 V 
Forward Gate Current ...........-..2-eeeceeeeee 30 mA 
Total Dissipation (25°C Free Air Temp.) ........ 400 mw 
Power Derating (to 175°C).............005- 2.67 mW/°C 
Storage Temperature Range.............. -65 to +200°C 
Lead Temperature 
' (1/16 from case for 10 seconds) ............. 300°C 


*ELECTRICAL CHARACTERISTICS (25°C unless othe 


3 
2 [les] = Lae Ue BLE 
3° 


; Characteristic (Note 1) 


w = 
i=) o 


Ciss Capacitance _ 

Cc Common-Source Reverse 
Fss Transfer Capacitance 

NF Spot Noise Figure 
n 


a Equivalent Short-Circuit 
Input Noise Voltage 


M 
I 
Cc 


1 
9 : Gate Reverse Current -0.25 -0.25 
3 . -250 -250 
alt 45 | 05] -45 
E [a0] os] 80 
: Pel sf 
j Iv¢e! perl bieliec as Forward i cy 
8|¥ |i; ondustanee 
9 A Common-Source Input } 80 | 
| 6.0 | 


J en Epz<xo [0 
-) 
(=) 


13 ligss1-lGss2! Differential Gate Current Eu | 10, 
14 ‘ Ipssi/IpDSs2__—— Drain Current Ratio (Note 2) | 1.0 | | 1.0) 
IS} A NGsi-Vesa! - Differential Gate-Source aes | 10 
T Voltage 
16 g 
mh el ae 
Y ‘ AlVgsi—Ves2l Gate-Source Voltage | 8 
° 18 N Differential Drift (Note 3) | 5 | | 10) 
19| G] g¢54/g¢52 Transconductance Ratio 
(Note 2) 
; 20 \g9s1-os2! Diff. Output Conductance 
. *JEDEC registered data. 
NOTES: 


1, Individual FET characteristics. The terminals of the FET not under test are open-circuited for these measurements. 


2. Assumes smaller value in numerator. 
3. Measured at end points, TA and Tg. 


2-20 


- Siliconix 


Performance Curves NQP 
See Section 4 


BENEFITS 


@ Minimum System Error and 
Calibration 
5 mV Offset Maximum 


@ Low Drift 
5 mV Drift Maximum (2N5045) 


(2N5045) 


rwise noted) 


2N5047 


Siliconix 


TO-71 

See Section 6. 

Dy D2 

Gy Go 
$1 S2 
$1. 
Bottom View 

Test Conditions 


V6s =-50 V, Vps=0V 


Bia Bey al 30 V, Vpg=0V 
n = = a = r) 
-250 GS oi T=150 C 
-45 


Vps= 15 V, ip =0.5nA 


f=1kHz 
= 100 MHz 
25 | umho -f=1kHz 
Vps = 15V,VGgs=0V 
F *=1MHz 


f= 10 Hz, Rg=1MQ 


f=10Hz 
nA |VGs=-15V,Vps=O0V_ | Ta = 100°C 
Ves=0V,Vps=15V 
Ip = 50 uA 
Vps = 15 V zs 
Ip = 200 vA 
Nps = 15 V, Ip = 200 uA, | Tp =-25°C 
Ta=25°C Tg = 100°C 
iad ee f= 1kHz 
| 


NQP 


WIN] 


8 VGS(f) Forward Gate-Source Voltage 


p-channel JFETs 
designed for... 
= Analog Switches 

Pe Coneruetors 

m= Choppers 

m Integrator Reset Switch 
“ABSOLUTE MAXIMUM RATINGS (25°C) 


Reverse Gate-Drain or Gate-Source Voltage 
(NOtE)T) 4.6 a. & nea en ew ee Swe Re 2 OV 


Gate Current : .50mA 
Total Device Dissipation, Free- Air 

(Derate 3 mW/°C) . 500 mW 
Storage Temperature Range —65 to +200°C 
Lead Temperature 

(1/16” from case for 10 seconds) .. . 300°C 


Characteristic 


IGgss Gate Reverse Current 


ID (off) Drain Cutoff Current 


psf 


Siliconix | 


Performance Curves. PSA 
See Section 4 | 


BENEFITS 


@ Simplifies Series-Shunt Switching when 
Combined with 2N4393, its N- ‘Channel 
Complement 

@ Low Insertion Loss in Switching 
Systems rps(on) < 75 2 (2N5114) 


-@ Short Sample and Hold Aperture Time 


Crss < 7 pF 
@ High Off-Isolation Ip(off) < 500 pA 


TO-18 
See Section 6 


-*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Test Conditions 


ag ammonia Pa eT ey Le 

ace TT : 

eee ce an 150°C 
| |-soo | [800] | -s00f wa | YOS=— 18 V. Vas” 12. (ane 114) 

PA | Vgs = 7 V (2N5115), : 

Ppt Tf] [1-0 | A | ves=s vv i2nsit6) [150°C 

6 i someone te et of at 


+e Vps =-15V, Ip=-1 nA 


| Ss Drain C VGs = 9, Vps = —18 V (2N5114) 
7 DSS aturation Drain Current (Note 2) -30 -25 vos: Laat (2N5116, 2061 a 


=-1mA, Vps = 0 - 
VGS = 0,Ip =-15mA ahel 14) 


10|_[rosteny Stic ranSower Ow Restnee | | 7 { [woo] | veo] @ | vegnosip=-ima 


Common-Source Reverse Transfer 


N 
13 Crss Capacitance 


ft) = s«#RiseTime Time 


wa Turn-OFF Delay Time 


ee ee ee 
ae es ee ee 


pF 
7 2 7 
tw td(on) __Turn-ON Delay Time isos tmonouivme | Tet fal [oo 
‘ 
Cc 
| H 


f=1MHz 
Vps = 0, VGs = 12 V (2N5114) 
Ves = 7 V (2N5115), Vgs = 5 V.(2N5116) 


— 2N5114 | 2N5115 | 2N5116 

“6 V 
ae 5.V 
RL 1800 2 


VGS(on) 0 


Fall Time 15 30 
ID(on) -3 mA 


*JEDEC registered data. 


NOTES: 


1. Due to symmetrical geometry these units may be operated with 
source and drain leads interchanged. 


2. Pulse Test PW 300 us, duty cycle < 3%. 


Siliconix 


PSA 


INPUT PULSE 


RISE TIME < 1 ns 

FALL TIME < 1 ns 

PULSE WIDTH 100 ns 
REPETITION RATE 1 MHz 


SAMPLING SCOPE 


RISE TIME 0.4 ns 
INPUT RESISTANCE 10 MQ 
INPUT CAPACITANCE 1.5 pF 


2-21 


(ONIGN3d NV) ODLLSNZ SLLSNZ VLLSNZ 


2N5196 2N5197 2N5198 2N5199 


monolithic dual 


n-channel JFETs 


designed for... 


= Differential Amplifiers 
@ FET Input Op Amps 


*ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage .............-. -50 V 
Gate Current «42725 you ebb et ee eG dad sues bo 50 mA 
Device Dissipation (Each Side), Ta = 85°C 
(Derate 2.56 MW/°C).. 0... eee ee ees 250 mW 
Total Device Dissipation, Ta = 85°C 
(Derate 4.3 mW/°C)... 2... cee eee ee eee 500 mW 
Storage Temperature Range.............- -~65 to +200°C 


psy 


Smconue 


Performance Curves NQP 
See Section 4 


BENEFITS 
® Minimum System Error and Calibration 
5 mV Maximum Offset (2N5196, 97) 
@ Low Drift | | 
5 pV/°C Maximum (2N5196) 
@ Simplifies Amplifier Design — 
Low Output Conductance 


TO-71 Soe é 
See Section 6 * % 
Dy D2 
G4 Go 
$4 So 


Bottom View 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


Test Conditions 


1 A 
5 IGSs Gate Reverse Current an ae eo VGs = -30 V, Vps =0 150°C 
3|S] BVGgss  Gate-Source Breakdown Voltage | -0 { Ig =-1 yA, Vps = 0 
4 A VGS(off) Gate-Source Cutoff Voltage -0.7 — V Vps=20V,Ip=1nA 
51T| Ves -Gate-Source Voltage | -0.2 | -38 | 
6 ¢ IG Gate Operating Current aa eS PGe Fe olD = e0U ne 
| , , een ee an Ye 126°C 
7 ‘Ipss Saturation Drain Current Ss =20V, uc =0 
; Ofs Common-Source Forward Transconductance | 1000 | 4000 | 
9 Ofs Common-Source Forward Transconductance | 700 | 1600 | inte f=1kHz 
10 | pb] Qos Common-Source Output Conductance FT 50 
11] ¥] gos Common-Source Output Conductance een ae a 
12 . Ciss Common-Source Input Capacitance f=1Mbez 


16 Equivalent Short-Circuit Input Noise Voltage 


Characteristic 


“Differential Gate Current 


16 lig1-Ig2! 

Ipss1 Saturation Drain Current Ratio 
17 —— 

Ipss2 (Note 1) 


19 i | iWqgi-VGs2! __ Differential Gate-Source Voltage | Differential Gate-Source Voltage |_| 


t 
20 G AlVgsi-VGgs2! Gate-Source Differential Voltage: Pete ae 
ey sae 


Change with Temperature 


22 9o9s1-Gos2! Differential Output Conductance 


*JEDEC registered data. 
NOTES: 
1. Assumes smaller value in numerator. 


2-22 


13 : Crss Common-Source Reverse Transfer Capacitance aoe 


mee 25197 =a [a 


VDG = 20V.) 125°C 
Ip = 200 uA 


- 951 Transconductance Ratio 0.97 0.97 
r Se eT (Note 1) . 


2. Measured at end points, Ta and Tg. 


Siliconix 


f= 100 Hz, 
Rg = 10 MQ 


f= 1 kHz 
viz 


Test Conditions 


f= 1 kHz 


1} TaA= 25°C 
Tg = 125°C 


Ta = -55°C 
Tgp = 25°C 


f= 1kHz 


Ip = 200 vA 


NOP 


n-channel JFETs Ss 


Siliconix 


designed for a | Performance Curves NIP 


See Section 4 


mw Low ON Resistance | BENEFITS 
Analog Switches @ Low Insertion Loss 
(DS(on) <5 & (2N5432) — 
= Commutators @ Small Error in Measurement Systems 
| VpbS(on) < 50 mV (2N5432) | 
= Choppers © High Off-Isolation 
° ID(off) < 200 pA 
= Integrator Reset Capacitors © High Speed 
m Low Noise Audio Amplifiers td(on) <4 ns | 
@ Low Noise Audio-Frequency Ampli- 
| fication 

* ABSOLUTE MAXIMUM RATINGS (25°C) Gn < 2 nVA/Hz at 1 kHz Typical 
Reverse Gate-Drain or Gate-Source Voltage ......... —25 V 

Gate Curren E tie 6 OG bee eae oe Eel 100 mA TO-52 

Didi Gunkents dcnoreunonsy de naceasaneue Gon 400 mA sed aa 

Total Device Dissipation at 25°C 

Free-Air Temperature (Note 1)..............4. 300 mW 
Storage Temperature Range .............. —65 to +150°C 
Lead Temperature 
(1/16” from case for 10 seconds) ............06. 300°C 
G, 
c J ! 
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
Characteristic Unit Test Conditions 


| Min | Max_| Min_| 
IGSs Gate Reverse Current [ae fe Pa VG6s =-15V, Vps = 0 1B0°C 


| 
[ee ere PP ate a 


Saturation Drain Current 
7 Ipss (Note 2) 150 100 30 mA |Vps = 15 V, Vgs = 0 
8 (DS(on) Static Drain-Source ON Resistance Patt ae ohm e265 SOA 
=10m 
10 rds(on) Drain-Source ON Resistance es al ae VG6s=0,Ip=0 f=1kHz 
11 Ciss © Common-Source Input Capacitance htt 
[Vos = 0,VGS=-10V f = 1 MHz 


Common -Source Reverse Transfer 
a|"[em Ss Preps" 


E Pat [Tay [4 

v4] g Sa Se SS Hes a von 8 ¥ Pe aioe 
15|W| vaio _Turn-OFF Oey time | | 6| | 6] | 6] ™ |Vastom=-12v, "b” oo Oat 
| [wy Fait TT] TP fo] ton 10 


Opoyp~RP lolol 


*JEDEC registered data. NIP 
NOTES: 
1. Derate linearly at the rate of 2.3 mWw/°C. Vpp 
2. Pulse test required pulsewidth 300 ys, duty cycle < 3%. Rp, = YDD-VDsiON) 
: 'D(ON) INPUT PULSE SAMPLING SCOPE 
VIN VouT RISE TIME 0.25 ns RISE TIME 0.4 ns 
Rg § FALL TIME 0.75 ns INPUT RESISTANCE 10M 


502. PULSE WIDTH 200ns_ INPUT CAPACITANCE 1.5 pF 
i = PULSE RATE 550 pps 


Siliconix 9-23 


SaluaS SOLF LNAITVAING DILSV 1d 
VEVSNZ CEVSNZ ZTEVSNZ 


-2N5452 2N5453 2N5454 


PREFERRED PARTS 2N5196 SERIES 


matched dual a 
n-channel JFETs tes 


Performance Curves NGE 


designed for eee See Section 4 


‘lm Low and Medium Frequency BENEFITS | % « 
‘Differential Amplifiers @ Minimum System Error and Calibra- 
tion 
5 mV Offset Masiniun (2N5452) 
*ABSOLUTE MAXIMUM RATINGS (25°C) ° @ Simplifies Amplifier Design : 


Any Lead-To-Case Voltage. occ. ..scseeeeeeeees £100 V ‘Output Conductance Less that 


| Gate-Drain or Gate-Source Voltage .............. 7~5OV 1 umbho ams 
/Gate-To-Gate Voltage ...... cc ccc eee ees +100 V See Section 6 
Gate CUITCNE 6. does eeriawrewesaeaaniaceeewe 50 mA Do 

Total Device Dissipation 85°C (Each Side) . . 250 mW 

Case Temperature (Both Sides) . are 500 mW G2 

Power Derating (Each Side) ...... veueeeae 286 mW/°C 
| (Both Sides).......... we... 4.3 mW/°C 

Storage Temperature Range ..... veeeeess -65 to +250°C 


Léad Temperature (1/16” from case for 10 seconds) . . . 300°C 


Dy $4 


Bottom View 


TELECTRICAL- CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic a ee ed Uo | Test Conditions 
| Min | Max | Min | Max | Min | Max | 


-100 -100 | pA a: 

i One 0 ff HPA Weg=-s0v.vos-0v Fas 

2 : Ta = 150°C 
Ss so Gate-Source Breakdown Z 2 rs 

3} 7 [BYGSS Voltage | ate ae Vps = OV. IG =-1HA 

A 

* [vaso Gagnon | [a8] fas | a] 45] v [voscaov.iontm 


4 

Slo[vas __GateSource Voltage «| -0.2| -4.2 | -0.2| 42 [ -o2 | -42| Vg = 20V, Ip = 50HA 
6 VGS(f) © Gate-Source Forward Voltage a a a eS a Vps=0V,IgG=1mA | 
7 
8 
9 


Fipss Drain Saturation Current | 05] 50] 05| 50] 05] 80] mA |Vps=20V, Vag-OV 
Common-Source Forward —_ |_1000| 3000 | 1000|3000 | 1000 | 3000 | 


f= 1kHz 


ae Transconductanee _‘[rooo| | 1000 [1000 |, |vos=20v.ves-ov [f= 100 mie 
10 Common-Source Output 3 et pe 


r a TA) WAT 
Sy cen 

13) A | —— ee 
ia] & [ago rains Capactanes | [18] pve | a 

off sewmemse™ [=| [=| [=f al fess veeev [i 
of fm eer [Poe Dol on Free [cee 
; isetaiigass a sr Current Ratio }0.95] 10} 085] 10 3 2 

Gs1-Veso! ria Gate- Source ‘_ a ee 


Fuenvacy Sutesourcevorage [| oa[ [oa] [20] mv T= 25°C to -68°C| 
eee ae Tenpetsturs aii ft vos |) Uf tof dl Vos =20V, Ip =200uA | T= 25°C to +125°C 


Transconductance Ratio : 
951/952 [esr] 10 | os7| 10 | oss] 10] - 
SS -f=1kHz 
; ifferential Output 
em 


*JEDEC registered data. NOTE: NOP 
1. Assumes smaller value in numerator. 


Vos = 20 V, Ves =0V 


f= 1 MHz 


2-24 —6« Siliconix 


n-channel JFETs 


designed for... 


= General Purpose Amplifiers 
= Switches 


* ABSOLUTE MAXIMUM RATINGS (25°C) 


Drain-Source Voltage ......... 2.0. ee ee eee 25 V 
Drain-Gate Voltage ..............00000- bb See anaes 25 V 
Source-Gate Voltage ........... 000 eee eee nana LON 
Total Device Dissipation at 25°C ............. .. 310 mW 

Derate above 25°C... eee ee ee 2.82 mW/°C 
Operating Junction Temperature ............4.+. 135°C 
Storage Temperature Range............-. -65 to +150°C 


Siliconix 
Performance Curves NRL, NPA 
See Section 4 


BENEFITS 
@ Low Cost 
@ Automated Insertion Package 


‘Plastic 
TO-92 
See Section 6 


D 
G 
G s 
i D 

s 


Bottom View 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


1 aio 
S jl Gate Reverse Current 
3 BV Gate-Source Breakdown| _95 ~25 -25 
A GSS Voltage ie 
|) feson Sager [=e] seo] fal 
Saturation Drain 


ho 
ec 
Y put Conductance Vps = 15 V, Veg = 0 
N ' Common-Source Input 
i A pe ee eee 
Common-Source Re- 
g|M Crss verse Transfer Capaci- 
1 tance 
Cc 


*JEDEC registered data 
NOTE: 
1. Pulse test pulsewidth = 2 ms. 


Siliconix 


Common-Source For- 
6 ward Transconductance 1,006 _ eip0d iso] | SProteore Co 6.000 | me 


ooh 
< 
G 


Ig = -10UA, Vps= 0 
Vps=15V,Ip=10nA 
f= 1 kHz 


pe f = 1 MHz 


Vps = 15V, Vgs = 0 
Noise Figure RG=1 MQ, f= 1 kHz 
NBW =1 Hz 


NRL, NPA 


2-25 


6SVSNZC 8SUSNC LSVSNZ 


2N5484 2N5485 2N5486 


n-channel JFETs 5 


designed for... _Berfermance Curves NH 
|= VHF/UHF Amplifiers BENEFITS 


| e @ Low Cost 7 
= Mixers @ Completely Specified for 400 MHz 
H Operation ; 
= Oscillators @ Low Error Analog Switch 
@ Analog Switches Very Little Charge Coupling 
* ABSOLUTE MAXIMUM RATINGS (25°C) Crss < 1-0 PF 
Drain-Gate Voltage ........ 0.0. cece eee tee teen 25.V | Plastic 
Source Gate’ VOl tage hike eh tn Gee ee ee Oe 25 V TO-92 } 
Drain Current:.-vinsci-ice brn dae heath be We we oc ... 30MA See Section 6 
Forward Gate Current............00000 ee eee eee TOMA 
‘Total Device Dissipation @25°C............000. 360 mW 
Derate above 25°C .... 0. cece eee ees 3.27 mW/°C 
Operating Junction Temperature Range ..... —65 to +135°C D ; 
Storage Temperature Range .............. —65 to +150°C : 
Lead Temperature S 5 
(1/16”’ from case for 10 seconds) ............... 240°C S Bottom View 


-*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 2N5484 | 2nsaes | Test Conditions 


N 
2 
o1 
> 
oe 
Oo 


——| nA |VGg=-20 V, Vps =0 - 
= boa | 7 a TA = +100.C 


S jl Gate Reverse Current . 
zie ['s5s 
Gate-Source Breakdown a - 
411 | VGsiorA ieee citott -0.3 | -3.0 } -0.8 | -4.0 | -2.0 } -6.0 | Vps= 15 V, Ip = 10 nA 
5 © Ipss Saturation Drain Current | 10} 5.0] 40] 10] 80} 20] ma | Vps = 15 V, Vgs = 0 (Note 1) 
Common-Source Forward 
fs Transconductance scieice (asic uaa tc (icc (asa | f=1kHz 
Common-Source Output : 
fos Conducta ee ee 
Re Common-Source Forward 2,500 a ae a ee f = 100 MHz 
~ Common-Source Output ho ae a [fe 100 MHz 


cc 
a] | 1F 
' 
— 
[o) 
' 
! 1 
Nin 
oro 
— 
Oo 


Re 
Common-Source Input |_| 100] | || f= 100 MHz 


Rery. 
: Common-Source Input 
= Some | fl eel 
) Cémmon-Source Reverse _ 


~ Common-Source Output | 
a f = 100 MHz 


Noise Figure 


Vps = 15 V, Ip = 1 mA, RG = 1 kX2 
: Vps = 15 V, Ilp=4mA, RG=1kQ 
[eS ae eee a a vos 18 vlo= Ama Ra = 1 
Vps=15V,Ip=1mA 


Vos= 15V,!Ip=4mA 


Common-Source Power 
Gain 


Gps 
f = 400 MHz 


* JEDEC registered data NH 


NOTE: 
1 Pulse Test PW 300 Us, duty cycle <S3% 


2-26 Siliconix 


matched dual 
n-channel JFETs 


designed for... 


= Differential Amplifiers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Souce Voltage ............ -40 V 
Gale-CUNCRL ioe ts ce wetannedteeee sdiiaaceeees 00 MA 
Device Dissipation (Each Side), Ta = 85°C 
(Derate 2.0 MW/°C .............. b sanasas 
Total Device Dissipation Ta = 85°C 
(Derate 3.0 MW/°C) ....c cece cece eee e eee OSE MW 


... 250 mW 


Storage Temperature Range........ -65°C to +200°C 
Lead Temperature | | 
(1/16" from case for 30 seconds) ...........300°C 


bef 
Siliconix 
Performance Curves N@P 
See Section 4 
BENEFITS 
e geo Noise _ 
=8 nVA/Hz at 10 Hz (Typical) 
- =2 nVA/Hz at 1 kHz (Typical) 
® Minimum System Error and Calibration 


5 mV Offset Maximum 
CMRR > 100 dB 


TO-71 
* See Section 6 


Bottom View OA.” iS 
° . 
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
Cheratiecatc [Min [Max | uni] Test Conditions 
1 fics Gate Reesecunent | FPR 
IGss Gate Reverse Current Ve6s = -30 V, Vps = 0 = 
2 toss penetra 150°C 
3 s BVGss Gate-Source Breakdown Voltage a Ig =-1 yA, Vps = 0 
4! A | VGS(off) Gate-Source Cutoff Voltage Vv Vos =20V,ip=1nA 
5 ‘ Vv Gate Source Voltage 
VpG = 20 V, Ip = 200 nA 
6 Cc Ig Gate Operating Current Te = 
-100 ee 125°C 
7 Saturation Drain Current (Note 1) | 75 | mA | Vos = 20 V, VGs =0 
8 Common-Source Forward Transconductance 4000 ~ Vps = 20 V, Vgg = 0 
(Note 1) 
Common-Source Forward Transconductance = = 
10 v Gos Common-Source Output Conductance hw Bes | Vps=20V,Vgs=0 20 V, VGs= | Vps=20V,Vgs=0 
11 ‘ Jos Common-Source Output Conductance Rae See ee | VbG = 20V, Ip = 200 HA | 20 V, Ip = 200 | VbG = 20V, Ip = 200 HA | 
12 . Ciss Common-Source Input Capacitance a as Vines 20V. VeeeO pews 
13 Crss Common-Source Reverse Transfer Capacitance pian ete 
Kauivelent Shert Circuit inour | FANSEME te] 0 Eat 
14] |e, eae ee 2N5620-24] ~+«| +18 VG = 20 V, Ip = 200 nA 
2N5516,21 | 2N5517,22 
panne an az [en] me are 
Differential Gate lear | yee 20V, 
=| Poe Bs SCHCSCECeCC ame 
Ipssi Saturation Drain 
16 Current Ratio : Vps = 20 V, Vas =0 
DSS2 (Notes 1 and 2) 
Differential Gate- 
‘| poser ese Ter ol tel fel te 
A TaA= 25°C 
T | AlVgs1-VGgs2! Gate-Source Voltage = : Tp = 125°C 
18 | C |-~_—_——————. Differential Drift wv/ Cc 3 
H AT (Note 3) VpG=20v, |TA=-55 C 
4 Ip=200HA |[TB= 25C 
G Differential Output 
es Pe Conductance CeCe et erat sa f=1kH 
= z 
Sfs1 Transconductance 
21 CMRR Rejection Ratio 7 
{Note 4} Ip = 200 vA 
*JEDEC registered data. 3. Measured at end points, TA and Tg. NQP 


NOTES: _ AVpD 
1. Pulse test required, pulsewidth = 300 us, duty cycle < 3%. 4. CMRR = 20!0910 AV eral 
; IV@si-VG6sa2l 
2. Assumes smaller value in numerator. 
ea = ea 
Siliconix 


) avop=10v 


2-27 


VOSSNZ ECSSNZ CCSSNZ LOSSNZ OCSSNZ 
6LSSNZ SLSSNZ ZLSSNZ OLSSNZ SLSSNZ 


2N5545 2N5546 2N5547 


Storage Temperature Range .... etaaete ~—65 to +200°C 


| NOTES: 


monolithic dual = __—y.S.,, | 
n-channel JFETs ‘ | Performance Curves NQP 


See Section 4 


designed for ee _ BENEFITS 


@ High Input Impedance 


i p Ig < 50 pA 
al Genera urpose @ Minimum System Error and Calibra- 
Differential Amplifiers tion | 
| 5 mV Offset Maximum (2N5545) 
* ABSOLUTE MAXIMUM RATINGS (25°C) T0-71 
- See Section 6 
-Gate-Drain or Gate-Source Voltages i4ciecadad (aso Vy . ‘ 
Gate Cure bas sae aan Rag ee Maoe eae, 30 mA ‘T | 
Device Dissipation (Each Side), Ta = 25°C , © Gy G2 
(Derate 1.67 MW" C): 3.6 cto corner eteaiadas 250 mW | ee 
Total Device Dissipation, TA = 25°C | oe ee 
(Derate 2.67 mW/°C) ........ ee ey are ... 400 mW 


Lead Temperature | 
(1/16” from case for 30 seconds) ........-00000: 300°C 


Bottom View 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) — 
Characteristic . TT Min | Max | Unit | Test Conditions 


1. : : -100 
s Gate Reverse Current» , Sa VGs = -30 V; Vps = 0 —————— 
2| s | | -150_ | na ibacnemeare veal 
31 a| BVGss Gate-Source Breakdown Voltage 2} —— Vv Ig =-1uA, Vps = 0 , 
4 u asiett Gate-Source Cutoff Voltage Vps=15V,!Ip=0.5nA 
5. c Gate Operating Current | VpG = 15 V, Ip = 200 vA 
6 S Saturation Drain Current a a Vps = 15 V, Ves = 0 
a, Ofs Common-Source Forward Transconductance 1500 6000 imho f= 1kHez 
8 Jos Common-Source Output Conductance a ae WeecaeyNAwSG 
9 Y Ciss Common-Source Input Capacitance eae aaa = DS .VGS nae 
10 : Crs Common-Source neverss Transfer Capacitance ee ea a — 
11 cs NF Spot Noise Figure: See ee 2N5545 f= 10 Hz, 
: | a 
a : Ip = 200 HA [2NS545 
12 En, Equivalent Short Circuit Input Noise Voltage | 180 ce e SN5585 f= 10 Hz: 
aoe ee ee ee Jz 2N5546 


E Pee erase Tas 


“| Ipss1 Saturation Drain Current 
by ipss2 Ratio (Note 1) mOS te Vos = ¥ 


45 M V@si-Vosa! Differential Gate-Source hah ep tae mv | Voc = Pray, Ip = 50 uA 
T : ' ; ° 
c 10 20 Ta= 25°C 

16 H | AlVgsi1-VGs2! Gate-Source Voltage VPC Ta =125C 
{ AT Differential Drift (Note 2) mei . Ta =-55 °C 
N ° 


re VpG = 15 V, Ip = 200 uA - 
$1 i 
- 9fs1 Transconductance Ratio 0.97 0.95 0.90 
Ofs2 (Note 1) . PvE 
do Differential Output 
19] [Isct-ooa! Pianta Out Beare 


Fi ea ae 
JEDEC registered data. NOP 


1. Assumes smaller value in numerator. 
2. Measured at end points, Ta and Tg. 


2-28 Siliconix 


matched dual - Be 
x | a Siliconix | = “H 
n-channel JFETs Cone et |e 
d M d f Performance Curves NCA Oo’ 
esigne or a ee See Section 4 at 2 
= Wideband Differential BENEFITS ans 
Amplifiers | @ High Gain | 
| 7500 ymho Minimum ts ON 
= Commutators . @ Specified Matching Characteristics < < 
* ABSOLUTE MAXIMUM RATINGS (25°C) ae wr ua 
Gate-Gate Voltage .......... sth ieee dra eeeay OO D190 OD» cee erey ts S 
Gate-Drain or Gate-Source \/altage: Pe ee een -40 V 7,) 
Gate Curent i254 o0b en Bik rete eee Lee 50 mA G, ) Go m 
Device Dissipation (Each Side), Ta = 25°C | ee ca 
(Deérate 2.2 MW/°C).. 0... cece eens 325 mW +P 
Total Device Dissipation, Ta = 25°C | | 


(Derate 3.3MW/" ©) cisco eenareneeudeae as .. 650 mW 
Storage Temperature Range.............. +65 to +200°C k | 
Lead Temperature - Gy i - - 
(1/16’' from case for 10 seconds) .............+.300°C Batam Vice 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic | Min | Max =| Unit | Test Conditions 


IGss Gate-Reverse Current VGs =-20 V, Vps=0 oar 
ae Dasa ae 150°C 
3/ T{| BVGss Gate-Source Breakdown Voltage | 40 {| Ig =-1 uA, Vps=0 
4 2 VGS(off) Gate-Source Cutoff Voltage ; | -05 | -3 | Vo [Vps=15V,Ip=1nA 
5 VGS(F) Gate-Source Voltage a eee Ce Vps=0V,IG=2mA 
6 IDSs Saturation Drain Current (Note 1) aoe ae Vos = 15 V, Vas =0 
7 'DS(on) Static Drain Source ON Resistance fF Qf ip= =1mA,VG6s=0 > 
8 ‘5 Common-Source Forward Transconductance fae ee aa f=1kHz.. 
3 fs (Note 1) 7000 ——— ymho f = 100 MHz 
9ly . Common-Source Output Conductance f=1kHz 
10 x ae Common-Source Reverse Transfer Capacitance | pF | Vos =15V,Ip=2mA f=1MHz 
11 M cise Common-Source Input Capacitance : — 
12 : Spot Noise Figure a f= 10 Hz, Rg =1M 
13 Equivalent Short Circuit Input Noise Voltage Poe Poel eet = 10 Hz 
Tate 
Characteristics Test Conditions 


Ipssi Saturation Drain Current 
14 | Ratio (Notes 1 and 2) Vos = 15 V, Ves = 0 
M DSS2 
A Differential Gate-Source 
=f Ere i Set tate : 


T 
H | oF Tas 25° 
° 
16 |! AlGs1-VGs2! Gate-Source Voltage Tg =125C 
N AT Differential Drift (Note 3) be Vos =15V,Ip=2mA Ta = -55°C 
G | Tg = 25°C 
Sfs1 Transconductance Ratio = 
* JEDEC registered data. NCA 
NOTES: 


1. Pulse test required, pulse width 300 us, duty cycle < 3%. 
2. Assumes smaller value in numerator. 
3. Measured at ends points, Ta and Tp. 


Siliconix 2-29 


2N5638 2N5639 2N5640 


2-30 


n-channel JFETs 


designed for... 


= Analog Switches 
= Commutators 
m Choppers 


* ABSOLUTE MAXIMUM RATINGS (25°C) 


Drain-Source Breakdown Voltage ......-2.+.+e006: 30 V 
Drain-Gate Breakdown Voltage ..........+.2.4+- 30 V 
Source-Gate Breakdown Voltage..............++- 30V 
Forward Gate Current .........eeeeeeeeeeeeees TOMA 
Total Device Dissipation at TLEAD = 25°C...... - 625 mW 

Derate above 25°C. os. sce cnen ecw eae 5. 68 mWw/°C 
Operating Junction Temperature Range..... -65 to +135°C 
Storage Temperature Range . Sp gea Riva hte: ater erace ~65 to +150°C 
‘Lead Temperature 

(1/16 from case for 10 seconds) ......... vies 300°C 


Siliconix 
Performance Curves Bd 
See Section 4 
BENEFITS 
@ Low Cost 


@ Industry Standard Package 


.© Automatic Insertion Package 


@ Fast Switching 
trise < 5 ns (2N5638). 
@ Low Insertion Loss 
 tpS(on) < 30  (2N5638) 
Short Sample and Hold Aperture Time 
Crss < 4 pF 


Plastic 


TO-92 
See Section 6 


ty 


Bottom View 


“ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


[anssse | 2Nsese | avseeo_| 
i [oe tin [i [ 


Characteristic 


Gate-Source Breakdown 
Voltage 


Cal 


at 


2 
ess Gate Reverse Current 
a Poff! 
4 i Ed ee 
I D(off) Drain Cutoff Current 
3 | fo} | 1.0 
(6 Ipss Saturation Drain Current | so; | 25] 
; 7  Voston) Drain-Source ON Voltage | fos] | os. 
: | Static Drain-Source ON 
| | roston_ Resse SERESCIP 
| Drain-Source ON 
®| | riion)_ Rena | feof | eo] [co] 


ul lc, Common-Source Reverse | | ao} | ao} | ao 
ss Transfer Capacitance 

12 ston) Lilacs Delay Time _ ES ee 

wals[& ___RiseTime —Ss—S—Ssd| =< sof [so] | 0], 


14 ma A 


a 


v 
Bt “= 22 —(rosion) +50) 


* JEDEC aes data 
“ NOTE: , INPUT 10% 
1 Pulse test PW < 300 Usec, duty cycle < 3.0% 


won ror | 
OUTPUT 10% 


(SCOPE B) 


Siliconix 


Vpp =10V 


| “GS(on)= 0 
"| Vesioff)= -10 V ID(on)=3 MA (2N5640) Ry =3.2k 2 (2N5640) 


(SCOPE A) V@ston) 
he fc 
lie ots td{on} 1.0KQ 

90 


Test Conditions 


ee 
iam Er) EAE 


Vos = 15 V, Vas = -12 V (2N5638) 
EXIT Vas = -8 V (2N5639), Vgs = -6 V (2N5640) 


mes 
ee | 
[5.0] [ma | Vps = 20 V, Veg = 0 (Note 1) 


Ta =+100C 


Ve6s = 0, Ip = 12 mA (2N5638), 
Ip = 6 mA (2N5639), Ip = 3 mA (2N5640) 


Ip =1mA, Ves = 0 


Ves =0, Ip =0 f=1kHz 
Common-Source Input 
Y Capacitance pF Ves =-12 V, Vpg = 0 


ID(on)=12 mA (2N5638)R, = 800 2 (2N5638) 
ID(on)= 6.mA (2N5639) R, = 1.6k 2 (2N5639) 


7 NCA 


DD 
=10VDC O.1pF 


0 TO 50 OHM SCOPE B 


0.0014 Ff 


© TO 50 OHM SCOPE A 


SCOPE 
TEKTRONIX 567A 
OR EQUIVALENT 


matched dual wii oie 
n-channel JFETs Performance Curves NT 


See Section 4 


designed for... sewers 


e Matching Characteristics Specified 


606SNZ SO06SNZ ZLO6SNZ 906SNZ 
SO6SNZ PO6SNZ CO6SNZ ZO6SNZ 


= Differential Amplifiers ¢“High Input Impedance 
. | IG = 1 pA Max (2N5906—9) 
= High Input 
Impedance Amplifiers 10-78 
See Section 6 

ABSOLUTE MAXIMUM RATINGS (25°C) B19 Ob2 
Gate-to-Gate Voltage ......... 00... cece eae .. 480V G; Go 
Gate-Drain or Gate-Source Voltage ...... idan ira nen a -40 V ma 
Gate CUNEATE cco bc eens ene eee ee ere ne 10mA $19) 83 
Device Dissipation (Each Side), T = 25°C 

(Derate 3 MW/°C) ...... 0. ccc ee ee eens 367 mW 
Total Device Dissipation, Ta = 25°C 

(Derate 4.0W °C) -<necn nu tecatoiuedeae neces 500 mW : be J 2 |G, 
Storage Temperature Range. iuipuaste Manat anise -~65 to +'200°C ee 7 ee SASH pg Ort 


‘*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
GC is 
enn eee ee ee eee | 
eo 
T| BVGss___Gate-Source Breakdown Voltage =| -40 | | -40 | Ig =-1HA, Vps = 0 
e Wes oti) Gato Source Cutotl Varies | 8] AS] oe Ta] Vps = 10V, Ip =1nA 
i [Vas Gave Source Voie SSCS 
[essere aia 
re ee ae Ce ee 
125 C 
Pipss __Seturation Drain Current’ ——_—‘|_30_| 500 | 30 | 
ee 
Transconductance pmho 
10| [ao, ___Commen-Source Output Conductance |} 8 | | 8 
11 i ee Common-Source Input Capacitance a rs a eS jor | 


olf ema TLL | 
Sa 
umho | VpG = 10 V, Ip = 304A 
f=1kHz 


14 : Gos Common-Source Output Conductance pf 


Equivalent Short Circuit Input ire 
15 

Noise Voltage 
i ret — ratte ret 


ec piee Seema een | vos <8 V] aysoors 
= ifferentia ate Current 
Le cae Pa el 19 200n 3 


19 IDss1 Saturation Drain Current Ratio | = | vos = 10 V, Veg = 0 
m| 'pss2 (Note 1) : 
A 

20 |T 9f51 Transconductance Ratio 0.97 0.97 


21] 4 VGs1-VGs2! Differential Gate-Source Voltage 


AlVgs1-VGsz2! Gate-Source Voltage Differential | | 5} | | 


—— TT Drift (Note 2) 
24 951-9952! Differential Output Conductance eo La mae 


* JEDEC registered data. 

NOTES: NT 
1. Assumes smailer value in numerator. 

2. Measured at end points, Ta and Tg. 


Characteristic 


© [ofall om} at afiofnrn |— 


f=1kHz 


Vos = 10 V, Ves = 0 


f= 1 MHz 


Vps=10V,VGs =0 


f = 100 Hz, 
Rg =10M 


_ Test Conditions 


f= 1kHz 


AZ 


Siliconix 2-31 


matched dual a 
n-channel JFETS __ rertormance curves NzF-D, NNZ 


See Section 4 


|designed for eee So BENEFITS 


@ High Gain through 100 MHz 


m Wideband Differential Gfs > 5000 umho | 
| | @ Matching Characteristics Specified 


2N5911 2N5912 


Amplifiers 
TO-78 
ABSOLUTE MAXIMUM RATINGS (25°C) __ See Section 6. 


Gate-to-Gate Voltage ........... need. eunten ...e. +80V 
Gate-Drain or Gate-Source Voltage ......... weeee 725V 2 
Gate CUMENT odes died staid Hes ee ee ee .. 5OmA 


1 Device Dissipation (Each Side), (Derate 3 mW/°C).. 367 mW 
Total Device Dissipation, (Derate 4 mW/°C)....... 500 mW 


Storage Temperature Range...... a Gates 65 to +200°C 
; Lead Temperatu re 
| Ss from case for 10 seconds) ............... 300°C 


Bottom View 


*ELECTRICAL | CHARACTERISTICS (25° ales penanwiss noted) 


Characteristic Emin | ax | unit | _ Test wonditions 


1 : -100 A 
Gate Reverse Current ree ee a ae 
2 | 280 na } Ta = 150°C. 
3S b Ig =-1yA, Vps= 0 
_4 a Vps=10V,Ip=1inA 
eo iy 
I 
6; C eas 
Ta = 125°C 


Saturation Drain Current 


8 a 10,000 f= 1kHz 
| 9 Se at 10,000 | nho | f= 100 MHz: 
101 Dp | gos Common-Source Output Conductance f=1kHz 
a oe ~ Common-Source Output Conductance eee f= 100 MHz 
12} a | Ciss Common-Source Input Capacitance | Ha oe VpG = 10 V, Ip =5mA ° a4 sie 
113 ' Crss Common-Source Reverse Transfer Capacitance ; ae oe 


f=10kHz 


14 C én Equivalent Short Circuit Input Noise voltage: te 


Characteristic eteesel ~ Fest Conditions 
1 16 lig1-lga! Differential Gate Current |. [20 |. [20 | ona VpG = 10V, ine 5mA Ta = 125°C 


Ipss1 . . Saturation Drain Current Ratio = 
i MI !pss2 (Notes 1 and 2) 0.95 Vos = 10V, VGs = 0 


18 t VGsi-VGs2! _ Differential Gate-Source Nottane ce es ee —— 
Ta= 25°C: 


Alv6s1-VGsa! Gate-Source Voltage Differential pvc fp & 


| . ~ |Tg= 25°C 


f=10kHz . 
Rg = 100K | 


21 Sst Transconductance Ratio (Note 2) f= 1 kHz 
“Ofs2 
"SEDEC registered data. | NZF-D NNZ 


1. Pulsewidth < 300 us, duty cycle < 3%. 
2. Assumes smaller value in numerator. 
3. Measured at end points, Ta and Tg. 


2-32 Siliconix 


enhancement-type _— ..4.. 
p-channel MOSFETs. 


designed for .. . ‘rit aa 


VOLNE COLNE 


m@ Ultra-High Input Impedance BENEFITS 
Amplifiers @ Rugged MOS Gate Minimizes Handling 
oe Problems 
Electrometers +125 V Transient Capability 
Smoke Detectors ¢ Low Gate-Leakage 
Typically 0.02 pA 
pH Meters ® High Off-Isolation as a Switch 
Ipss < 200 pA 


& Digital Switching Interfaces 
= Analog Switching 
* ABSOLUTE MAXIMUM RATINGS (25°C) 


Drain-Source or Gate-Source Voltage 3N163...... -40V A ah : 
. ee section 
Drain-Source or Gate-Source Voltage 3N164...... -30 V 
Transient Gate-Source Voltage (Note 1)......... +125 V 
Dai CUPPOT GS ie gt a ee he eehtuni eagle aver -50 mA 
Storage Temperature ............0000- -65 to +200°C 
Operating Junction Temperature......... -55 to +150°C ii 
Total Device Dissipation 
C | >—OB 
(Derate 3.0 mW/°C to 150°C) .............. 375 mW "] 
Lead Temperature 1/16’’ From Case For 10 Seconds. .265°C $ 
*ELECTRICAL CHARACTERISTICS (25°C and Vgs = 0 unless otherwise noted) 
Chiatabterisie SC a ee Test Conditions 
1 | as eS eee ee — 
= Gate-Body Leakage Current. a see ee — Sai 
ea: ree aes ee Vas = -30 V, Vps = 0 
4 ae ees eee [Yes--30V.vos"0 Te = 125°C 
6 ih | BVsps Source-Drain Breakdown Voltage | = -40 | | 30 | Is=-10HA,Vgp=VeBp=0 ae 
7}7|YGs  GateSource Voltage | MS | 8S | -25 | 65 | = y | Vps=-15 V, Ip =-0.5 mA 
2] 1 [Vast Gate-Source Threshold Vorwge | 2] 5 | 2[ 5 Vos= Ves.Ip= 10H 
9/C | ipss_ Drain Cutoff Current | 200 | | -400 , LVos=-18V. Ves =0 
10] [tsps Source Cutoff current |] 400} | 000] P* | Vgp=-20v.Vgp=0,Vpp=0 
11] ['p(on) ON DrainCurrent TS 30 | 38 | -30- | mA | Vg =-15 V, Vgg=-10V 
12] _[ roster) Drein-Souree ON Resistors |__| 260 |_| 300 | _@ | Vag=-20V. 1p = 1008 
Common-Source Forward , : 
Common-Source Output Ip = -10 mA 


A ; 
15 |yq[Ciss___Common-Source Input Capacitance | | 25 | 25 | 
Common-Source Reverse Transfer 


17 Coss Common-Source Output Capacitance eee ee ee eee on 
18]. [fdlon)Turn-ON Delay Time cere eS eee eee Vpp=-18V 
w Lt_Flse Time = ID(on) -10 ma 


19 a ee ee 
20| | tof © Turn-OFF Time 4 | BO | 50 Rg = RL = 1.5kQ 
* JEDEC registered data Vpp | MRA 
NOTE: Rp 
. . Vv 
1. Transient gate-source voltage JEDEC registered as +125 V. Re OUT BOT PULSE SAMPLING SCORE 
VIN RISE TIME <2 ns t, < 0.2 ns 
5022 PULSE WIDTH > 200 ns Cin <2 pF 
Rin 2 10 M2 


Siliconix 2-33 


BF244A BF244B BF244C 


Iin-channel JFETs 


designed for... 


|= VHF/UHF Amplifiers 
|m Oscillators 


m@ Mixers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Drain-Gate Voltage......... Shins ind ace Cua aR ear cES 30 V 
| Drain-Source V oltag@: si csuewn eta tae he tewden wed 30 V 
Reverse Gate-Source Voltage... ........... 0c eee 30 V 
| Forward Gate Current. ....... 0.00 eee eee eee 10 mA 


Continuous Device Dissipation | 
at (or Below) 25°C Free Air Temperature 


CINGLO81): 2 oscce bia aed enor Asal aad Pate 200 mW 
Storage Temperature Range ............ —55°C to +150°C 
Lead Temperature a 

(1/16 from case for 10 seconds) ............. . .260°C 


ELECTRICAL CHARACTERISTICS (25°C) 


Characteristic 


oD 
[oss Seturton Bran curane | 
a 


Corresponding to 
Ipss groups 


OLao nT onianyp ATol] woT= 


w oli b N Oo. 


< 


= a =: =| 


Siliconix 
Performance Curves NH 
See Section 4 
BENEFITS 


@ Wide Band 
High y4./Cjg, Ratio 

@ Low Feedback Capacitance __ 
Crsg = 0.85 pF Typical 


@ Selected Ipss and Vag Ranges 


TO-92 
See Section 6 


@ INSULATED CASE 
|e INSENSITIVE TO LIGHT 


Bottom View 


Test Conditions 
Ig =-1uA, Vps = 0 
VGs =-20 V, Vps = 0 
Vps = 15 V, Veg = 0 


= 
> 


Vps = 15 V,Vgsg =0° 


‘Vps = 15 V, Ip = 200 uA 


10 VGS\(off) Gate-Source Cutoff Voltage Vos =15V,Ip =10uA 
Small-Signal Common-Source Forward 

M D Sfs Transconductance pets Vos.= 19 Vi NGS Orbe RH2. 
YIc Common-Source Reverse __ 

ue N ie Transfer Coracitance MDS." 20M, Ves a 

13 JA) Same f = 100 MHz 
M|— Input Resistance Vos = 20 V, Vas =-1 V 
t 

15 JC | Cjcg - Common-Source Input Capacitance ae eae Vps = 20 V, VGgg=-1V 

16 Coss Common-Source Output Capacitance me ee Vps = 20 V, V6gs =-1 V 

NOTE: - NH 


1. Derate linearly to 125°C free-air temperature at the rate of 2.5 mW/°C. 
2. Pulse test PW < 300 us, duty cycle < 3%. 


2-34 Siliconix 


n-channel JFETs 


designed for... 


= VHF/UHF Amplifiers 
@ Oscillators 
= Mixers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Drain-Gate Voltage... ..... ee eee 30 V 
Drain-Source Voltage ...... 0.0... cece ee ene 30 V 
Reverse Gate-Source Voltage...............00005. .30V 
Forward Gate Current........... 0.00 cece eee 10 mA 


Continuous Device Dissipation 
at (or Below) 25°C Free Air Temperature 


(NOt) ng eon bbulicee so Birch bean a eS ae Be 200 mW 
Storage Temperature Range ............ —5§5°C to +150°C 
lead Temperature 

(1/16" from case for 10 seconds) ............... 260°C 


ELECTRICAL CHARACTERISTICS (25°C) 


Characteristic 


BVGss_ Gate-Source Breakdown Voltage 
IiGss Gate Reverse Current 


Ipss Saturation Drain Current 
BF245A 


Selected into Following BF245B 
Groups (Note 2) 
BF245C 
BF245A 
BF245B 
BF245C 
VGSloff) Gate-Source Cutoff Voltage 
Small-Signal Common-Source Forward 
Transconductance 


Common-Source Reverse 


QO-aA pPoAD 


Corresponding to 
IDss groups 


OOF OINIMDIENMEHRLolwpo]— 


~~ 


— 
— 


—_ 
N) 


wm | wh 
& Iw 
O- fs p2<o 

>| 2] = 

Ss 

ne] 

Cc 

wo 

py) 

9°) 

' uw 
a 
~~ 
a 
p>] 
fo) 
wo 


dl} oy ie nN a 
w [alo np [i oln ras) 


Transfer Capacitance 


i, 
oi 


16 Coss Common-Source Output Capacitance 


NOTE: 
1. Derate linearly to 125°C free-air temperature at the rate of 2.5 mW/°C. 
2. Pulse test PW < 300 us, duty cycle < 3%. 


Siliconix 


ane 
oo 


pif 


Siliconix 


Performance Curves NH 


BENEFITS 


® Wide Band 
High y¢,/Cj5, Ratio 

@ Low Feedback Capacitance 
Crss = 0.85 pF Typical 


® Selected Ipss and Ves Ranges 


TO-92 
See Section 6 


@ INSULATED CASE 
@ INSENSITIVE TO LIGHT 


D 


Bottom View 


Unit Test Conditions. 
Ig =-1uA,Vps =0 

A VGs = -20 V, Vps = 9 

Vps = 15 V, Ves = 0 


Vps = 15 V, Ves = 90 


Vos = 15 V,!p = 200 uA 


Vps=15V,Ip=10uA 


Vos =15 V,VG6s = 0, f = 1 kHz 


pF Vps = 20 V, Ves= -1V 


f = 100 MHz 
f = 200 MHz 


Vps = 20 V, Vgg = -1V 
eS DS GS 


Vps =-20 V, VGs =-1V 
pF | Vpgs=20V, Vas = -1 


1 oO 
na 


2-35 


OSvesds aSredad VSrcedigd 


n-channel JFETs 
designed for... 


= UHF Amplifiers 


Siliconix | 


Performance Curves NH 


w Mixers BENEFITS 
| | @ High Gain 4. & 
ln Oscillators . Gpg = 14 dB Typical at 800 MHz 


® Selected Ipss Ranges 


| ABSOLUTE MAXIMUM RATINGS 


BF256LA BF256LB BF256LC 


Drain-Gate Voltage ....... 6... 6. cece eee ens Lene BOV 70-92 

Drain-Source Voltage ..........0 0.000000: ......-30V See Section 6 

Reverse Gate-Source Voltage............... causa V | 

| Forward Gate Current........ 00.000 c cece eee . 50mA @INSULATEDCASE 

Total Device Dissipation @ 25°C. .............4.. 350 mW ; 
Derate above 25°C .... 0... cece eee 3.5 mW/°C D 

Storage Temperature Range .............. —65 to +150°C 

Lead Temperature ° 
(1/16” from case for 10 seconds) ............... 260°C s 

ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) : Bottom: View 


_ Characteristic Test Conditions 


BVpGO: Drain-Gate Breakdown Voltage | 


< 


Ig =-1 uA, Vps = 0 
VGgs =-20 V, Vps =0 
Vos = 15 V, Ip = 10nA © 


< 


loss Drain Current at Zero Gate Voltage (Note 1) 


BF256LB8 
BF256LC 


Min | 
| -30 | 
La 
| 3 | 
| 3 | 
8 
pt 
Common-Source Forward Transconductance 
Sts (Note 1) as | 
- 
eet 


Selected into 
Ipss Following Groups - 
(Note 1) 


Vos = 15 V, Ves = 0} f = 1 kHz 
Common-Source Output DS GS 


. mho 
Conductance u 


Common-Source Input Capacitance 


| 

18 
dh 
~ o ch 


ne) 
nn 


; Common-Source Reverse Transfer f= 1 MHz 
Capacitance _ 


fly¢s5) Cutoff Frequency (Note 2) 


G _ Common-Gate Neutralized Insertion 
| P9 Power Gain. 


TNF Noise Figure . 


Vps = 10 V, Rs = 47 2, f = 800 MHz 


Vps = 15 V, Rs = 47 2, f = 800 MHz 
NH, 
NOTES: 


1. Pulse test PW < 300 us, duty cycle < 2%. 
2. Frequency at which the real part of the forward transconductance falls 3 dB relative to the value at 1 kHz. 


2-36 | Siliconix 


current regulator diodes _ ..%.... 
designed for... NKLNKM NKO See Section 4 


= Current Regulation BENEFITS — 


Ba © ene @ Simple Two Lead Current Source | 
Current Limiting ® Current Insensitive to Temperature 


a ° in Changes ~ ae 
Biasi g Temperature Coefficient Better 


= Low Voltage References & o ten a0 ppm iol Devos 
@ TO-18 Package for Improved Current — 
Control 
@ Simplifies Floating Current Sources 
No Power Supplies Required 


OLpUD YyBnoiys ZZOUD 


ABSOLUTE MAXIMUM RATINGS (25°C) TO-18 (MODIFIED) 


See Section 6 
Peak Operating Voltage ...................-. 100 V 
Forward Current ........ cece cece eee eeeeees OO MA 
Reverse Current ............ cece cee eecevevess DOMA ANODE : 
Thermal Resistance Ojo ...........eeeeee 100°C/W 
Power Dissipation at Tc = 25°C ............ 1.25 W 
Operating Junction Temperature ..... -55 to +150°C 
Storage Temperature ............... -55° to +200°C CATHODE 


Sa1aaS OPTONND SLUVd GaiNdsadIad 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


eae Wy 
Parameter Limiting Voltage | Peak Operating Voltage 


ee tanate Ve=25V Ve=25V goleu ig = 0.8 1e7 (Min) te = 1.1 14 (Max) Ve=25V Ve=25V iVp=25V 
See eee (Note 1) (Note 2) is  (Note3) |, (Note 4) 55°C < Ty < 25°C | 0°C < Ta <50°C | 25°C < Ta < 125°C 


Zomoa 


Units 


CRO22~ 
CRO24 
CRO27 
CRO030 
CRO33 


CRO39 | 
CRO43 
CRO47 
CRO56 
CRO62 


CRO68 
CRO75 
CRO082 
CRO91 
CR100 


CR110 
CR120 
CR130 
CR140 
CR150 


CR160 
CR180 
CR200 
CR220, 
CR240 


CR270 
CR300 
CR330 
CR360 
CR390 


CR430 
CR470 


NOTES: NKL, NKM, NKO 
1. Pulse test — steady state currents may vary. 

2. Pulse test — steady state impedances may vary. 

3. Min VE required to insure Ip > 0.8 !£4(min)- 

4. Max V_e where Ip < 1.1 16 4(max) is guaranteed. 


Siliconix 2-37 


CRRO240-CRR4300 


|'ABSOLUTE MAXIMUM RATINGS (25°C) 


current regulator diodes _5_ 
designed for... er 


= Current Regulation 


| Current Limiting 


= Biasing BENEFITS 
: @ Simple Two Lead Current Source 
m Low Voltage References - ® Current Insensitive to Temperature 
Changes 


Temperature Coefficient Better 
Than 0.15%/°C On All Devices 
@ TO-18 Package for Improved Current | 


Peak Operating Voltage ...........0 02. e ee eee 100 V Control 
Forward Current ......... Sede Open ceane tanh anie te cane .. 20mA © Simplifies Floating Current Sources 
Reverse. CUMeNe c2nrc nese as vader dua oeaes 50 mA No Power Supplies Required 
Thermal Resistance 9JC ...... 2. eee ee ee eens 100° C/W 
‘Power Dissipation at TC = 25°C .............. .. 1.25 W TO-18 (MODIFIED) 
Operating Junction Temperature ........ -55 to +150°C eee Section's 
Storage Temperature .......... Sahai bee -55 to +200°C 
ANODE 
C, CASE 
CATHODE A 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
Symbol POV | 1F4 | Za | VE 
Parameter Peak Operating Voltage Regulator Current Dynamic Impedance Limiting Voltage 
- IF = 1.1F4 (Max) VF=25V VF=25V Ip = 0.8! 4 (min) 
Test Conditions 
7 (Note 1) (Note 2) (Note 3) (Note 4) 
Units. Maximum Volts mA Amir] ™) 
Nom Min Max Min Typ Max Typ 
CRRO240 100 0.240 0.180 0.300 5 | 13 1.0 0.5 
CRRO360 100 0.360 0.270 - 0.450 2.5 9.5 1,05 0.7 
CRROS60 100 0.560 0.420 0.700 | 1.2 6 1.30 1.1 
CRRO800 100 0.800 0.600 1.000 0.8 5.2 1.35 0.85 
CRR1250 100 1.250 0.937 1.560 0.5 2.5 160 123 
CRR1950 100 1,950 1.460 2.440 0.37 0.8: 1.95. 0.65 
CRR2900 100 2.900 - 2.160 3.600 0.28 0.56 2.35 0.9 
CRR4300 100 4.300 3.240 5.400 0.22 0.35 3.00 1.45 
NOTES: | | CRRO0240-560 —NKL 
1. Max Ve where If < 1.1 If 4 (max) is guaranteed. CRR0800-1250 — NKM 
2. Pulse test — steady state current may vary. CRR1950-4300 — NKO 


3. Pulse test — steady state impedances may vary. 
4. Min Vg required to insure !— > 0.8 IF4 (min). 


2-38 Siliconix 


APPLICATIONS Parallel Operation 


The current-limiter diode is the electrical dual of the Zener diode. aid epee Se 
TOTAL *'CR1* 'CR2 


~V S +V 
Current-Limiter Diode V-I Characteristic : ee ae 
S 


IF4 


POV @ 1.1 te 4 (MAX): j i 
F1 (MAX) Series Operation 


(When 14 < lo, that is lp -14<0.2 14) 


“PV, @ 08 ler (Min) 


v 
R 25V 


Mi Oo O09 I REae ae 
EQUIVALENT CIRCUIT 


+ + # 


OOEPaNd- O”ZO0NAD 


CURRENT 


PpisicR1) < PDALLOWED 
BV (FOR SERIES DEVICES) 
= BVy + BVo | 


Rs | 
SYMBOLS AND DEFINITIONS | 
A Anode (Drain) 
= : C Cathode (Source and Gate Shorted) | 
Constant-Current Collector or Drain IF Forward Current (Anode Positive) | 
Timing Circuits Hi-Z Load Resistors 1F1 Current at a specified Test Voltage, VF 
" * POV = Peak Operating Voltage 
04 Current Temperature Coefficient 


6jc Thermal Resistance Junction to Case 
634 Thermal Resistance Junction to Ambient 


2K Knee AC Impedance at specified VF. ZK should 
be as high as possible and is specified as a mini- 
- mum. 
Zd Dynamic Impedance at specified VF. Zq is speci- 
fied as a minimum. 


Emitter or Source Biasing 


+ + + 


i 
ae 


Constant-Current Supply Logic Circuit Pull-Up 
or Current-Limiting Element Current Source 


a ae 


+ 


Siliconix 2-39 


DN5564 DN5565 DN5566 
SEE ALSO 2N5564 SERIES 


matched dual 
n-channel JFETs 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


15 


Siliconix 


\designed for... Performance Curves NCA 


= Wideband Differential BENEFITS 
Amplifiers @ High Gain 
7500 umho Minimum ge. 
= Commutators @ Specified Matching Characteristics 
ABSOLUTE MAXIMUM RATINGS (25°C) see 
_Gate-Gate Voltage ....... cada veveeeees +80V oa 
Gate-Drain or Gate-Source Voltage .............. -40 V . 
Gate Current sinicacasisnare még aeecbene deus 50 mA oie _ 
Device Dissipation (Each Side), Ta = 25°C | shai, 
(Derate 2.2 MW/°C).... 2. cee eee eens 325 mW 
Total Device Dissipation, Ta = 25° C * 
(Derate 3.3 MW/°C)......-.-- eee ee 650 mW AON: 
Storage Temperature Range..... be geasin de bank -65 to +200°C a nes lee 
Lead Temperature NG ay” t my Ge 
(1/16 from case for 10 seconds) ............4-. 300°C Peon eee 


Characteristic . | Min | Max | Unit | Test Conditions 


Equivalent Short Circuit Input Noise Voltage | | 80 Tae | 
pNes64 | DN5565 | DN5SES | 


IGss Gate-Reverse Current Ves = -20V, Vps=0 
Zh [css cawrewmecumme | - a 150°C 
3] TT} BVGss Gate-Source Breakdown Voltage | -4o0 | | Ig =-1HA, Vps =0 
A : = z 
4 | FLV Gstott) Gate-Source Cutoff Voltage | -05 | -3 | V_ | Vpg=15V,Ip=1nA 
514] VGS(f) Gate-Source Voltage a hae Vos =0V,IG=2mA 
6|C] Ipss Saturation Drain Current (Note 1) ae Vps = 15V,VGs =0 
7 'DS(on) Static Drain Source ON Resistance | 6 Q | Ip =1mA, Ves = 0 
3 of Common-Source Forward Transconductance a a 900 f= 1kHz 
meal (Note 1) 7000 ie ee umho = 100 MHz 
91 Y] Gos Common-Source Output Conductance f= 1kHz 
10 A Crss Common-Source Reverse Transfer Capacitance . VpG=15V, ip =2mA f=1MH 
11 M ss Common-Source Input Capacitance ——-H] “ 7 , 
Z| | Spot Noise Figure Se f= 10 He, Ag= 1M 
13 


f= 10Hz 


Ipssi Saturation Drain Current 
un | Ratio, (Notes 1 and 2) Vps=15V, VGs = 0 
M DSS2 


A ’ Differential Gate-Source 


AlVGs1-VGs2!_ Gate-Source Voltage 


@ 
aA2-=r0 


10 25 


7 Sfs1 Transconductance Ratio 1 1 
Ofs2 | (Notes 1 and 2) 


NOTES: 

1. Pulse test required, pulse width 300 us, duty cycle < 3%. 
2. Assumes smailer value in numerator. 

3. Measured at ends points, Ta and Tg. 


2-40 Siliconix 


TA= 25°C 
Tp = 125°C 
Ta = -55°C 
Tgp = 25°C 
f= 1kHz 
NCA 


matched dual 
n-channel JFETs 
designed for... 


g Dual FET 


ABSOLU f[E MAXIMUM RATINGS (25°C) 


Gate-Gate Voltage... ... eee eee +80 V 
Gate-Drain or Gate-Source Voltage...........00005 —40 V 
Gete Current: 64. «cna ee eer edaaw escort 50 mA 
Device Dissipation (Each Side), Ta = 25°C 

(Derate 2.2 MW/°C) ... 0... ee eee 325 mW 
Total Device Dissipation, Ta = 25°C 

(Derate 3.3 mW/°C) ... 2... ee ee ee .... 650 mW 
Storage Temperature Range ............ —65°C to +200°C 
Lead Temperature 

(1/16” from case for 10 seconds) ..........00005 300°C 


_ 


Siliconix 


Performance Curves NCA-D 
See Section 4 | 


BENEFITS 


@ High Density 
@ Matched Switch Resistance 


® Constant rpsg(on) with Signal 


Gy 


TO-71 
See Section 6 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic | Min | 
; IGss Gate-Reverse Current aoa 
s 7 ne 
3. /T BVGss Gate-Source Breakdown Voltage | —40| 
re VGS(off) Gate-Source Cutoff Voltage | 0.5 | 
T 
5 |) VGS(f) Gate-Source Voltage — 
6 };C Ipss Saturation Drain Current (Note 1) ie ie 
7 ‘DS(on) Static Drain Source ON Resistance Le al 
8 |D Cgq Drain-Gate Capacitance i= & 
9 M Cgs Gate-Source Capacitance ~ Ld 
10 IDss1 Saturation Drain Current 
M Ipss2 Ratio (Notes 1 and 2) 
A Differential Gate-Source 
UL T IVGs1-VGsa! Voltage i 
42 ¢ Ofs1 Transconductance Ratio 0.9 
Ofs2 (Notes 1 and 2) 
NOTES: 


1. Pulse test required, pulse width 300 us, duty cycle < 3%. 
2. Assumes smaller value in numerator. 
3. Measured at end points, Ta and Tg. 


Siliconix 


NT] 
ondN on a) 


= 
Let] = fee] < ele 


3 
< 


Test Conditions 


VGs= —20 V,Vps=0 


Ig =1uA, Vps=0 
Vps=15V,Ip=1nA 
Vps=0V,IG=2mA 
Vps= 15 V, V6gs = 0 
Ip =1mMmA, Ves = 0 
VGs=—10V 
Vps=10V 


Vps= 15 V, Veg = 0 


150°C 


f= 1MHz 


f= 1 kHz 


NCA-D 


2-41 


LOSSNG 


DPAD1 DPAD2 DPAD5 DPAD10 


DPAD20 DPAD50 DPAD100 


dual pico ampere diodes _ .,5.. 
designed for... BENEFITS 


@ Very High Off-lsolation 
1 pA Max (DPAD1) 
®@ High Isolation Between Diodes 


@ Clipping Circuits 


= Diode Switching 20 Femto Amp Typical (DPAD1) 
| @ Matched Capacitances 
= High Impedance Protection © Compact Packaging 
Circuits TO-71 (MODIFIED) TO-78 (MODIFIED) 
(Pins 2 and 6 Removed) (DPAD1 Only) 
See Section 6 See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Forward Gate Current, Each Side................ 50 mA 
Total Device Dissipation @ Ta = 25°C 
Derate 4.0 mW/°C to 125°C. ........... 0c eee 400 mW ates Me fe, A 
Storage Temperature Range............. —55 to +125°C et Ay et 
Lead Temperature : gel * a 
(1/16 from case for 10 seconds) ............00- 300°C ee 


Al BN 7 
1 
C4 C4 


Bottom View Bottom View 
(Alternate) 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


CHARACTERISTIC jn | r¥e | wax: UNIT TEST CONDITION 


DPAD1 
DPAD2 
DPAD5 
DPAD10 
DPAD20 
DPAD50 
DPAD100 


Reverse Current 


“SEO POT HR} oPNM I — 


DPAD1, 2,5 
DPAD10, 20, 50, 100 


ee (hs a (CE. 
Capacitance VR =-5V,f=1MHz 
ec ee DPAD10, 20, 50, 100 


13 ER ICRi—CRg| Differential Capacitance Pinta Vai =VpR2=7-5V,f= 1 MHz | DPAD1, 2, 5, 10, 20, 50, 100 


APPLICATION ay ay A 


DPAD10 


Operational Amplifier Protection. Input Differential Voltage limited to 0.8 V 
(typ) by DPADS D, and Dy Common mode input voltage limited by DPADS D3 
and Dg to +15 V. 


Typical sample and hold circuit with clipping. DPAD diodes reduce offset voltages 
fed capacitively from the FET switch gate. 


2-42 Siliconix 


n-channel JFETs B:) 


Siliconix 


designed for... Performance Curves NT 


@ Ultra-High Input BENEFITS 
Impedance Amplifiers © Low Power | 
| Ipsg < 0.2 mA (FN4117) 
Electrometers @ Minimum Circuit Loading 
pH Meters IGss < 1 pA (FN4117A Series) 


Smoke Detectors 


*ABSOLUTE MAXIMUM RATINGS (25°C) ee 

Gate-Drain or Gate-Source Voltage (Note 1) ........ -40 V 

ate - Ciel ices. dcs-6 borane 4a ateal ea We eee . 5OmMA 

Total Device Dissipation 
(Derate 2 mW/°C to 175°C) ....... 0. eee ee 300 mW : 

Storage Temperature Range.............. ~65 to +175°C 2 

Lead Temperature G c 
(1/16 from case for 10 seconds).............. 255°C s 2 . 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic FN4117A | FN4118A | FN4119A | Unit Test Conditions 
[Min | Max | Min | Max | Min | Max | 

| Gate Reverse Current Pf -to[ —f-10 | | -10 | pa | 

; Gate Reverse Gurren ee 

(ae [ign =t#AVos=0 


j Ings Strato Drain Current 0.08 roa 0.20 an Vps = 10 V, Ves = 0 


Ola; elolrno]{— 
> 


Common-Source Forward 

4 ymho f= 1kHz 
9|N Common-Source Output 3 

A Gos Conductance 

Vps = 10 V, Vgs = 0 

10 M C; Common-Source Input 3 3 3 

1 | iss Capatitance 

Cc pF f=1MHz 
1 Cc Common-Source Reverse Transfer 15 

FSS Capacitance 
NT 

* JEDEC registered data. 
NOTES: 


1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
2. This parameter is measured during a 2 ms interval 100 ms after power is applied. (Not a JEDEC condition.) 


Siliconix 2-43 


S21d3S LLLYNZ OSTV 33S 


V6LLYNd 6LLVN4 VSLLYNd SLLYNA WZLLYNd ZLLYN4 


FN4392 FN4393 


SEE ALSO 2N4391 SERIES. 


Performance Curves base | 


designed for... See Secon 4 


BENEFITS 
@ Analog Switches ees pelt aay us Accuracy in 
a Commutators e so Aki ad aid Voltages Generated | 
| Choppers | | sig eoletion lasiniaiies from 
# Integrator Reset Switch Driver 


© High Off-Isolation Ip(off) < 100 pA 
@ High Speed toy < 20 ns 
* ABSOLUTE MAXIMUM RATINGS (25°C) 


TO-18 
Reverse Gate-Drain or Gate-Source Voltage ......... —-40 V See Section 6 
ate COULTON sta oie are eon ae ae Raed ew, aos 50 mA 
| Total Device Dissipation at 25°C Case Temperature 
(Derate 10 mW/°C)........ cots tacsoeaatee suseenauns 1.8 W 
Storage Temperature Range .............. —65 to +200°C D 
| Lead Temperature 
(1/16" from case for 60 seconds) ............... 300°C G a 
S 


*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic Test Conditions 


1 
1 Gate Reverse Current 
3] | BVGss___Gate-Source Breakdown Voltage | -40 | | -40_ | | V_ | IG =-1#A, Vog=0 
4 ae Gea 
5] ) eee eeeee 
al} ID (off) Drain Cutoff Current Bepeee BE ; 
i Be elena Sek ha iwc Pee cee ls at le 
ef fos mirowern fm [ims |e [mal vsnmvve 
ay ier Tees ee Ip =3mA 
42} | Vos(on) Drain Source ON Voltage ae ae eee Ip =6mA 
_J3 > a eae | Ip=12mA 
| 33] [easton) —DrainSouree ON Resistance [60 f+ 100 | [Vaso 0 ARGC 
6] p[ Cis Common Source input Capacitance || 16 | | 16] | Vos=20v.vqg-0 
] | cos Somnensouce ewan tert |} —5-}-—F 2} | vege fageemry] MM 
jae ee ee ee 
19 = 
20] [ talon) _Turn-ON Delay Time | eee Ce ee ee Vpp = 10 V, V@gion) = 0 
2is[t RiseTime !D(on) Vestoff) =. RL 
22) 1 td(off) —_ Turn-OFF Delay Time Pe 8 fF az92 6 -7 “1.6K Q 
VoD - : 
NCA 
512.3 1000 pF 
t-—° VouT 
NOTE: . . RL= (sien )-51 2 
1. Pulse test required, pulse width = 300 us, duty cycle S 3%. PULSE — ID(on) ; 
INPUT PULSE SAMPLING SCOPE 
ope RISE TIME < 0.5 ns RISE TIME 0.4ns | 
FALL TIME < 0.5ns INPUT RESISTANCE’ 50 (2 


PULSE DUTY CYCLE 1% 


2-44 Siliconix 


n-channel JFETs _ 


Siliconix 


designed for ‘: Performance Curves NVA 


See Section 4 


= Analog Switches BENEFITS 
| @ Very Low Insertion Loss 
m= Choppers 'DS(on) <3 & (105) 
@ No Offset or Error Voltages Generated 
by Closed Switch 
= Commutators Purely Resistive 
: High Isolation Resistance from 
Driver 
TO-92 
See Section 6 
ABSOLUTE MAXIMUM RATINGS (25°C) Plastic 
Gate-Drain or Gate-Source Voltage ............... -25V . 
Gate Current ...........00000. Cet eeud ee cease 50 mA 7 
Total Device Dissipation at 25°C Ambient 
(Derate 3.27 MW/°C).. 2... ee eee eee 360 mW ? 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C 
Lead Temperature Range 
(1/16 from case for 10 seconds) .............. 300°C 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


J105 J106 J107 


Characteristic Min [Typ |Max|Min] Typ] Max| Min] Typ] Max Unit Test Rondinions 
figs Gate Revere Curreneiworw) | | | -3| | | 3] | | -3[oa | vps-0v. vest 
S| Vasiott) GateSource Cutoff volte [45] |-10| -2|_ | -efos| [45] | | vos=5v. Ip= tua 
| [Bvgs5 Gate Source Breakdown vortage [26 | fas] | 25] | |“ | vps-0v,ig=-1Ha 
+ [ins brain Saturation Curent Nore 2 |s00] | [200] | _[v00] | [ma | vog= 15 v, veg =o 
\Tipjom Drain Gutoft Curent ote) | | | a{ || a] |] a]a | vos=5v, ves=-10 
“[roston) Drainsource on Resistance [| [| 3f | | 9{ | | 8[ 2 [vos<o1v, ves=ov 
See (Mae 


—> 


Vps =0V,VGs =-10 V 


[Csgioff) Source Gate OFF Capacitance | | | 35] | | 35 || 35) 


P| Cdg(on) 

Y Drain Gate plus Source Gate 
N ON Capacitance 

A | Csg(on) 


ole___Rwetime SE fmt toot fool | ft Og toy 
ee ee ee ee 
a] [we Forte ————SSS—~Cd EE fm oo fr 2 son 


OONIO LOHR WhO 


Vos = VGs = OV 


NOTES: NVA 
1. Approximately doubles for every 10°C increase in TA. 
2. Pulse test duration = 300 us; duty cycle < 3%. 


Siliconix 2-45 


ZOLF 9OLF SOLF 


J108 J109 J110 


n-channel JFETs 


designed for... 


= Analog Switches 
m Choppers 


= Commutators 


|= Low Noise Audio Amplifiers 


5 


Siliconix 


Performance Curves NIP 
See Section 4 ve 


BENEFITS 


@ Low Cost 
@ Automated Insertion Package 
@ Low Insertion Loss 
'DS(on) <8 2 (108) 
@ No Offset or Error Voltages Generated 
by Closed Switch 
Purely Resistive 
High Isolation Resistance from 
Driver 
@ Fast Switching 
td(on) + tr = 5 ns Typical 
@ Low Noise | 
en = 6 nVA/Hz at 10 Hz, Typ (J110) 


ABSOLUTE MAXIMUM RATINGS (25°C) joes 
Gate-Drain or Gate-Source Voltage............005 —25V TO-92 
Gate CUITENT a.ewck BES e Siw caste Pane eee ewe ex 50 mA See Section 6 
Total Device Dissipation at 25°C Ambient 
(Derate 3.27 mW/°C)...... Fastoneniesats ess oh ae 360 mW 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C D 
Lead Temperature Range . 
(1/16” from case for 10 seconds) .............. 300°C G > * 
s G 
[:) 
Bottom View 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
see Chas Ptop | top| tt F"=e eee 
jaracteristic [Min | Typ | Max [Min | Typ | Max | Min | Typ | Max, nt 6s onaitions 


Gate Reverse Current (Note 1) 
t VGS(off) Gate-Source Cutoff Voltage 
A|BVGsg Gate-Source Breakdown Voltage 


~ ” 
” 
n 


1 

2 

3 

4 ' lnss Drain Saturation Current (Note 2) 
5 IC} lp(o¢¢) Drain Cutoff Current (Note 1) 

6 

7 

8 


DS(on) Drain-Source ON Resistance 


Cugioff) Drain-Gate OFF Capacitance 


Csg(off) Source-Gate OFF Capacitance 


Dic , 

Y dg(on) prain-Gate Plus Source- 
Gate ON Capacitance 

sg(on) 


2 
QO 


ta(on) Turn ON Delay Time 


Rise Time 


re 


° 
- 35> 


r 


loa 
= 
°o 
> 
= 


Turn OFF Delay Time 


= 
Feercoa| 
Pee] 
a oe 
oa a 
aaa eae 
an 
as 
eed 
a i 
Ce 


ty Fall Time 


NOTES: 
1. Approximately doubles for every 10°C increase in Ta. 


2. Pulse Test duration 300 us; duty cycle < 3%. 


2-46 


i eal ie Ee 


nA | Vpg = OV. Vgg = -15 V 
i eF y |Yos75¥: Ip = 1H 
| | | mA] Vpg = 18 V, Vgg = OV 
| | 3 | nA | Vpg=8V. Vag = -10V 
| 2 |Vpg <0.1V, Vgg = OV 


Vos = OV. Vgs = -10V 


pF f=1MHz 
“Osc Ves? 


Switching Time Test Conditions 


=f 
Oy Nh 


fee) ~~ 
o oO 


15 


J108 J109 J110 

Vip 15V 15V 15V 

Vesiort) 12 By RY) 5 V 

Re 1502 1502 1502 
NIP 


Siliconix 


n-channel FETs Ss 


Siliconix 


designed for... er 


= Analog Switches BENEFITS 
@ Low Cost 
| Choppers @ Automated Insertion Package 


@ Low Insertion Loss 
(DS(on) < 30 Q (J111) 
No Offset or Error Voltages Generated 
by Closed Switch 
Purely Resistive 
High Isolation Resistance from 
Driver 
Fast Switching 
td(on) + ty = 13 ns Typical 
Short Sample and Hold Aperture Time 
Cod(off) < 5 PF 
Cgs(off) < 5 pF 


= Commutators 


Plastic 
ABSOLUTE MAXIMUM RATINGS (25°C) - 
-92 

Gate-Drain or Gate-Source Voltage............... —35V See Sectian 6 
Gate Current......... Se ee reer ree ree! 50 mA 
Total Device Dissipation at 25°C Ambient 

(Derate: 3:27 MW C)iscxed cg xacukd eons dios 360 mW 
Operating Temperature Range............. —55 to 135°C eg 
Storage Temperature Range............... —55 to 150°C 58 
Lead Temperature Range - 

(1/16” from case for 10 seconds) .............. 300°C (:) 

> Ss 
Bottom View 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
J1171 J112 J113 
Characteristic NIT Test Conditions 


_ 
p>] 


A Vps=0V,VGs =-15 V 


rn 
ee ee 


nN 


Vos =5V,Ip=1HA 
Vps =0V,!IG=-1HA 


3 


A Vps=15V,VGs =0V 


U 
Es chou 

iad oe eS 

T Vv 
a] a Ls oes cae 
an aes a Pm 
7] [eaponn orn one orF conevenee | | |e} | 1s} 1] = 

Vos =0V,VGs =-10 V 
FF Capac Fa a De se ee 
8 ‘ Cyg(off) Source Gate OFF Capacitance 5 oF Plt 
Cc Drain Gate Plus S Gat 

9 Y dg{on) rain a us Source Gate 28 28 23 Ysseveces 

N | Csgion) ON Capacitance 

A 
10 m | ‘dlon) Turn On Delay Time fee iP ia sp ae Switching Time Test Conditions 

{ . J111 J112 J113 
7 a OD 

Cc Vop 10V 10V 10V 
12] | tafort) Turn Of Delay Time po feof | feo] | fet Vest) = -12V00— TV BV 
De Te On 


NOTES: NCA 
1. Approximately doubles for every 10°C increase in TA. 
2. Pulse Test duration 300 us; duty cycle < 3%. 


Siliconix 2-47 


Clie CLIC LLLE 


J114A J112A J113A 


n-channel JFETs _ a: 


Siliconix 


@ | 
desi gned for ed Performance Curves NCA 
| See Section 4 
= Analog Switches BENEFITS 
| | @ Low Insertion Loss 
= Choppers 'DS(on) < 30 & (J111A) 


® High Off-lIsolation 
= Commutators ID (off) < 200 pA 
@ No Error or Offset Voltages Generated 
by Closed Switch 
Purely Resistive 


ABSOLUTE MAXIMUM RATINGS (25°C) T0-92 


Gate-Drain or Gate-Source Voltage ............... —-40V Seer 

Gate Currents. o:3.4:6-4cn ewe eis dots Ge Hm ae oe eh ce 50 mA 

Drain COrrent. & aca is aci-a8 aa ee Soars dee Lan aoa a 400 mA “ 

Total Device Dissipation e INSULATED CASE 
(25°C Free Air Temperature) ................ 350 mW Cea cere 

Power Derating (to+125°C).............000. 3.5 mW/°C 

Storage Temperature Range .............. —55 to +125°C 

Operating Temperature Range............. -§5 to +125°C © LD | 

Lead Temperature 
(1/16 from case for 10 seconds) ............... 300°C Bottom View 


_ | ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


- J111A J112A J113A 
Characteristic Min | Max | Min | Max | Min, Min | Max Unit Test Conditions 


| [icss__GreRewcacuvenetnewn) [| [200] -aoo[ [-200| pa [Vos =0,vag=—18¥ 
a] $[vosioiy —Getsoure cuit vorwee [6 of af [a] 6) [vos=8¥.t0=100 
3|q[BVass__GateSource Breakdown Vote | 40 | [#0] [=|]  [vpg=0.1g==t0n 
a|T[ioss Saturation Drain Curent Wowe 3) |_20| | 15] | | | mA |Vpg=18V,Vos-0 
[item Oncor Crone Now [| a0] [200] [ato on _[veg=sv. gg" 109 
|" a ae a a Vos =04V, Veg =6 
7] [Caglot) Drain Gate OFF Conaciance | | 8] fc 


f=1MHz 


Le eg eae Oa AC OO 
N 


gy Pag(on) Drain Gate Plus Source Gate 


ON Capacitance 


Csg(on) 


NOTES: NCA 
1. Approximately doubles for every 10°C increase in TA. 
2. Pulse test duration = 300 us; duty cycle < 3%. 


2-48 Siliconix 


p-channel JFETS iF, 


Siliconix 


designed for Se. Performance Curves PSA 


See Section 4 


= Analog Switches pacelt 
| @ Low Cost 
@ Simplifies Series-Shunt Switching 
a Choppers | when Combined with J113, its N-Chan- 


nel Complement 
= Commutators . @ Low Insertion Loss 
FDS(on) < 85 & (J174) 
@ No Offset or Error Voltages Generated 
by Closed Switch 
Purely Resistive 
High Isolation Resistance from Driver 
@ Short Sample and Hold Aperture Time 
Cyq(off) < 9-9 PF 
Cdg(off) < 5.5 pF 


LLG OZLF SZLF vZir 


ABSOLUTE MAXIMUM RATINGS (25°C) @ Fast Switching 
Gate-Drain or Gate-Source Voltage (Note 1)....... ,. 380V td(on) + tr = 7 ns Typical 
Gate Current............. Spiite oa we weveee SOMA TO-92 plastte 
Total Device Dissipation at 25°C Ambient es 
(Derate 3.27 MW C)ecccs aces orveadaeseews 360 mW 
Operating Temperature Range............. —55 to 135°C P F 
Storage Temperature Range............... —55 to 150°C ; 4 - 
Lead Temperature Range 
(1/16”’ from case for 10 seconds) .............. 300°C : 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


eet a LF 7 or 
aracteristics Pen Pon one [oe fn t est Conaitions 


\ Gate Reverse Current 
ap (Note 2) 
= Vps =-15V,Ip=-10nA 

S Vv 
T Gate-Source Breakdown : 7 
A BVGSS Voltage 3! Vps=0,IG=1HuA 
T 
I 
Cc 


—_ 


NO 


Ww 


Gate-Source Cutoff 
VGS(off) Voltage 
CECE EEL 
| Saturation Drain Current 20 125 7 70} -2 35-15 Hi Nis IBIS SO 
DSS (Note 3) DS $*> 
Drain Cutoff Current 2 & 
iy Cm OO 
Drain-Source ON ~ 
| ow eee TT fel belle [rere 
————_——_—— Vps =9,VGgs=i0V 
Source-Gate OFF 
con eee fol [el lel del 
Dic =: pF 
dg(on) Drain-Gate Plus Source- 
Q/¥ - Gate ON Capacitance 32 32 32 32 
Ni Csg(on) 


: 
= a 
a ae Se i Switching Time Test Conditions 
i Tot | fo] m4 St75 S176 7 


Vpp -10V -6V -6V -6V 
RL 5602 1.2KQ2 5.6KQ 10KQ | 
i cus SECEEEEECL oe ee ee 


NOTES: 2. Approximately doubles for every 10°C increase inTa. PSA 
1. Geometry is symmetrical. Units may be operated with source and drain leads interchanged. 3. Pulse test duration = 300 us; duty cycle < 3%. 


Drain-Gate OFF 
Capacitance 


Cadg(off) 


f = 1 MHz 


Siliconix 2-49 


J201 J202 J203 J204 


n-channel JFETs 


designed for... 


@ General Purpose Amplifiers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage (Note 1) 
Gate Current 
Total Device Dissipation at 25°C Ambient 
-(Derate 3.27 MW/°C).... 0... cee ee eee 
Operating Temperature Range............. 
Storage Temperature Range............... 
Lead Temperature Range 
(1/16" from case for 10 seconds) 


.... 360 mW 
—55 to 135°C 
—55 to 150°C 


bay 


Siliconix 


Performance Curves NPA 


See Section 4 


BENEFITS 


® High Input Impedance 


IG = 35 pA Typical 


® Good for Low Power Supply Opera- 


tion | 
VGS(off) < 1-5 V (J201) 


TO-92 
See Section 6 


Plastic 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


Gate Reverse Current 


IGSS (Note 2) 


Vv en ee Source Cutoff 
GS(off) en ee 


s 
T 
A Gate-Source Breakdown 
‘i Voltage 


Saturation Drain Current 
oe 3) 

Gate Current fig Gate Current Note 2) 2) 
Common- ee Ge | Forward 
Transconductance ee Ge | 3) 


Common-Source Output 


Sos Conductance 


Common-Source Input 


Ciss Capacitance 


Cc Common-Source Reverse 
rss Transfer Capacitance 


Equivalent Short-Circuit 
Input Noise Voltage 


NOTES: 


1. Geometry is symmetrical. Units may be operated with source and drain leads interchanged. 


2. Approximately doubles for every 10°C increase in TA. 
3. Pulse test duration = 2 ms. 


2-50 


Siliconix 


D 
G 
s 
G 
$ 
D. 

G 

$ 

D 

Bottom View 

J204 


Test Conditions 
Vos = 0, VGs = -20 V 
Vos = 20V, Ip =10nA 


Vps=90,1G=-1BA 


f= 1kH2 © 


f= 1 MHz 


NPA 


n-channel JFETs eit rie 
designed for a Performance Curves NZF | 


See Section 4 


= General Purpose Amplifiers BENEFITS 


® High Gain 
gf = 7000 umho Minimum 
(J211, J212) 

@ High Input Impedance 
IGss = 100 pA Maximum 
Cisg = 5 PF Typical 


wiz LLZF OLee 


TO-92 
See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Plastic 


Gate-Drain or Gate-Source Voltage .............. -25 V . 
Gate Curren 54.544 eee ties epee eead eens 10 mA 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mW/°C)... 2.0... ee eee 360 mW s 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C 
Lead Temperature Range G 

(1/16” from case for 10 seconds) .............. 300°C $ 

D Ss 
D 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


J210 J211 J212 


, oo Vps=0,Vas=-18V 
3 Fes reine ee TS Vos= 15 V. Vas =0 
c re ee VoG = 10, Ip= 1 mA 


6 Common-Source Forward 4,000 12,000 | 6,000 12,000 | 7,000 12,000 
Transconductance (Note 2) umho 
D Common-Source Output 200 
Y Sos Conductance 
N 
Sommer? Source Input 
8 C; = = 
a[e  Ganctana CEE CEE ery, vos =18V.ves=0 
gitic Common-Source Reverse 
re a Transfer Capacitance A 
10 Equivalent Short-Circuit Input 10 nV 
Noise Voltage V¥Hz 


NOTES: NZF | 
1. Approximately doubles for every 10°C increase in Ta. | 
2. Pulse test duration = 2 ms. 


f=1kHz 


f= 1 MHz 


f= 1kHz 


Siliconix os 


J230 J231 J232 


n-channel JFETs | ne; 


Siliconix 


designed for Por Performance Curves NPA 


@ Audio and Sub-Audio BENEFITS 


Amplifiers @ Ultra Low Noise 
; ey = 8 nVA/Hz Typical at 10 Hz 
@n = 2 nVA/Hz Typical at 1 kHz 


TO-92 
See Section 6 
Plastic 
ABSOLUTE MAXIMUM RATINGS (25°C) . 
Gate-Drain or Gate-Source Voltage (Note 1)........ —40V 
Gate GUIFeNnt 22444452 striae tes eaweeeaa nes 50 mA a | 
Total Device Dissipation at 25°C Ambient - : 
_ (Derate 3.27 MW/°C)... 1... ee eee 360 mW 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C 
Lead Temperature Range 
(1/16 from case for 10 seconds) .............. 300°C 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic CS oe Unit Test Conditions 


Gate Reverse Current = Ss 


$s Gate-Source Cutoff : e = 
A Gate-Source Breakdown es a 
3 T BVGss~ Voltage -40 -40 Vps= 0, IG=-1uA 
! 
Saturation Drain 
‘[e|!055 Goren Tae Pee tae ane et 


[fc emewenowwa [fat [>t | [2] [os [veronocate 
. Common-Source Forward 
Transconductance (Note 3) 1.000} | .500]1.500) sak & 800] | 8.000) h 
mho 
Common-Source Output " 
Jos Conductance i, 
Vos = 20 V, Ves =0 
C; Common-Source Input 12 De oe oS 
as Capacitance 
= p f=1MH 
Cc Common-Source Reverse 2 2 2 
rss Transfer Capacitance i 
: FouivaientShert Creat’ [c_| 8 | .90| | 8) so] | 8 |= ao Vos 10V, Vas 0 f= 10Hz 
0 faeenetewe eate e fare 


NOTES: NPA 
1. Geometry is symmetrical. Unit may be operated with source and drain leads interchanged. 
2. Approximately doubles for every 10°C increase in Ta. 


| f= 1 kHz 


3. Pulse test duration = 2 ms. 


2-52 Siliconix 


p-channel JFETs : anes 


Performance Curves PSA 
See Section 4 


BENEFITS 


Low Cost 
Automatic Insertion Package 
High Gain Amplifiers _ 


designed for... 


= General Purpose Amplifiers 


Low Noise 


9ts = 14,000 umho Typical (J271) 


@n = 6 nV/\/Hz at 1 kHz Typical 


TO-92 
See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Plastic 

Gate-Drain or Gate Source Voltage (Note 1)......... 30 V 
Gate CUITENE 24a soneeege ens eee ee —50 mA 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 MW/°C).. 0... eee es 360 mW 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C 
Lead Temperature Range 

(1/16” from case for 10 seconds) .............. 300°C 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


J270 J271 


Characteristic Twin | [Typ | Max | Min [Typ | Max | Test Conditions 
i]s isis __Sretowsecurenmowa [[ [ zoof [TY 200f on [vos=o.vas=20¥ 
2|T | Vasioft) GateSource Cutoff Voltage | 05 | | 20] 15 | | 45] [Vps=-15v, Ip=-1na 
3|A[evess GateSource Breakdown voltage | 30] | | 30{ | | “ [Vos=0.ig=1HA 
a a BW 
5 


Cc Gate Current (Note 2) | dL pA VbG = -15 V, Ip = IDSS(min) 


Common-Source Forward 
6 Transconductance (Note 3) 0m ns Ee eee. ie cas 
Eumho 
ae 
: Conduct 
onductance Vps=-15V, VGs =0 
CG Common-Source Input 
A] ~!ss Capacitance 
9 M Cc Common-Source Reverse 
l rss Transfer Capacitance 
Cc 


f= 1 kHz 


f=1MHz 


Equivalent Short-Circuit nV _ a ae oe 


NOTES: 

1. Geometry is symmetrical. Units mey be operated with source and drain leads interchanged. 
2. Approximately doubles for every 10°C increase in TA. 

3. Pulse test duration = 2 ms. 


Siliconix 


PSA 


2-53 


LLUr OLUr 


| 
i 
1 
i 
| 
| 
i 
1 
i 


J300 


PREFERRED PART J210 SERIES 


n-channel JFETs ig 
designed for vas. Performance Curves NZF 


See Section 4 


m VHF/UHF Amplifiers eres 
@ High Power Gain 
= Oscillators 20—23 dB Typical at 100 MHz, 
Common-Source 
=m Mixers 17.5—20.5 dB Typical at 100 MHz, 


Common-Gate 
® Low Noise Figure 

1.3 dB Typical at 100 MHz 
® High Dynamic Range 

Greater than 100 dB 


TO-92 
See Section 6 

ABSOLUTE MAXIMUM RATINGS (25°C) 7 Plastic 
Gate-Drain or Gate-Source Voltage................ —-25 V 
Gate Current............ Bi ehncl ences Mays ears 10 mA . 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mW/°C)............005. AS hcg 360 mW 
Operating Temperature Range............. .—55 to 135°C 
Storage Temperature Range............... —55 to 150°C ' 
Lead Temperature Range : 

(1/16” from case for 10 seconds) .............. 300°C a 

Bottom View D 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise specified) 


Characteristic Test Conditions 


1 
S|IGss Gate Reverse Current mene V6s=—15V, Vpsg=90 7 
3 : BVGsSSs Gate-Source Breakdown Voltage Ig =-1 uA, Vps=0 
41'1VGs(off} Gate-Source Cutoff Voltage (Note 1) Vps=10V,Ip=1nA 
Cc 
5 Ipss Saturation Drain Current (Note 1, 2) oo Vps=10V, VGs=0 
6 as Common-Source Forward Transconductance 4500 9000 
S 
: (Note 1) umho | Vpg=10V, Ip =5 mA, f= 1 kHz 
71N 1] Jos Common-Source Output Conductance fi 2008) 
9 . Cc Common-Source Reverse Transfer 7 
a Capacitance = = = 
1 pF VpG = 10 V, Ip = 5 mA, f = 1 MHz 
9| © | Ciss Common-Source Input Capacitance 


J300A J300D 
Characteristic Test Conditions 


IpDss Saturation Drain 7 A Vps=10V 
(Note 2). Current m VGés =0V 
Gate Source is Vps = 10V 


NOTES: 
-1. Ipss and VGss (off) are selected into 5 ranges and labeled according to above table. NZF 
2. Pulse test PW < 300 us, duty cycle < 3%. 


2-54 Siliconix 


n-channel JFETs ieee 
designed for eee Performance Curves NH 


See Section 4 


soer voer 


m@ VHF/UHF Amplifiers BENEFITS 


e @ Characterized for Operation at 100 
| Oscillators and 400 MHz 
° @ Low Noise 
m= Mixers NF = 1.7 dB Typical at 100 MHz 
TO-92 
See Section 6 - 
‘Plastic 
ABSOLUTE MAXIMUM RATINGS (25°C) ° 
Gate-Drain or Gate-Source Voltage............... -30 V : | 
Gate -CURCAT gc ee ead a Gea e Babee Bate erwidee dees 10 mA : | 
Total Device Dissipation at 25°C Ambient | 
(Derate 3.27 MW/°C)... 0... cee eee 360 mW | 
Operating Temperature Range............. —55 to 135°C | 
Storage Temperature Range............... —55 to 150°C | 
Lead Temperature Range 
(1/16’’ from case for 10 seconds) .............. 300°C s° 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic Twin | typ | Max | Min 
[ics GuwAnenecurentinowe) | | [100] [| 

(fe Seats t |) Lvos=15V.10= Tra 
Te] [a [ma [vos = 15. Ves=0 


Common-Source Forward 
5 SFs Transconductance (Note 2) 4,500 = 7,500 | 3,000 Loins 


AS unit Test Conditions 


Vos = 0, VGs =-20 V 


Se ee ee 


~uumho = 1 kHz 
6| D Common-Source Output 
Y Jos Transconductance 
N Vps = 15 V, Ves = 90 
j Ci Common-Source Input = 5 35 
: 2 Capacitance 
I Common-Source Reverse _ 
Common-Source Output 
s|_ [cos Ganaons heeled ace 
Common-Source Forward Ft 3,000 f= 100 MHz 
Ofs Transconductance — 4,200 ae aa Bi Msi ulals 
Common-Source Output ee ee ews 
santa a A a a (= 100 Wi 


bake Common-Source Output | {| soo} | {_ao0] Aithe| MpeSie WEES f= 100 MHz 
sone [aso] Jerre) ves teveves=° co 
aad 


Common-Source Input f = 100 MHz 


9 
Common-Source Input 2,000 2,000 Rs = 100 MHz 


Susceptance 


Pel 

a 

| |2,000] | 

|| zsoof 
Gos Common-Source Power —- 20 —- 

Se aa 

ee ae 


f = 400 MHz 


ae cee 
he 2 f = 100 MHz 


oe Vps=15V,!Ip=5mA 
NF Noise Figure a ae Vps = 15V,Ip=5mA, f = 100 MHz 
(Single Sideband) fd RgG=1KQ f = 400 MHz 
NOTES: 
1. Approximately doubles for every 10°C increase in TA. NH 


2. Pulse test duration = 2 ms. 


Siliconix 2-55 


J308 J309 J310 


eee ee 
ae aes —— 
—la 
ale Weseen oa rce Cutoff “Tal tae 
: Le ee 


| n-cha n nel J FETs | | oa 


designed for... Performance Curves NZA 
BENEFITS 


m@ VHF/UHF Amplifiers © Industry Standard Part 
In Low Cost Plastic Package 


° 11 dB Typical at 450 MHz 
= Mixers Common-Gate 


@ Low Noise 


ABSOLUTE MAXIMUM RATINGS (25°C) 2.7 dB Typical at 450 MHz 
Drain-Gate Voltage ........ Sto oh Se chi certs, Secs ictentn tees 25 V @ Wide Dynamic Range 
Source-Gate. Voltages. c0es cue sean a aa ee es 25V Greater than 100 dB 
Forward Gate Current. ....... 00.0 c ee eee ee eee 10mA @ Easily Matches to 75 Q Input 
Total Device Dissipation at 25°C Ambient 3 | Bide 
(Derate 3.27 MW/°C). 0... eee 360 mW : T0-92 
Operating Temperature Range............. —55 to 135°C reernemne 
| Storage Temperature Range............... —55 to 150°C 
Lead Temperature Range D 
(1/16 from case for 10 seconds) .............. 300°C G 
| . : : 
é D 
Bottom View 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) D 
A  ( 


Test Conditians 


ves 0 T =+128°C 


Characteristic 


, BV Gate-Source Breakdown 
GSS Voltage 


5ICh Saturation Drain 

DSS Current (Note 1) 
Gate-Source Forward 
Voltage 


Common-Source For- 
7) | Sts ward Transconductance 8,000: 117,000 


Common-Source 


8 i Sos Output Conductance es sasiice f=1kHz 
glV Of Common-Gate Forward 13,000 13,000 12,000 
N Transconductance 
10 A Common-Gate Output 
mM] 90g Conductance 


Gate-Drain 


Capacitance 
f= 1 MHz 


Vps = 10V, : 
ia iOiA f = 100 Hz 


Gate-Source 
Capacitance 


Equivalent Short-Circuit 
Input Noise Voltage 


14 Re Common-Source Forward 
(vfs) Transconductance 


Common-Gate Input 


Conductance 
mmho 
Common-Source Input 


Conductance 


Common-Source Output 
Conductance 


f = 105 MHz 
Vos = 10V, ae 


0.15 


Ip =10mA 


18 G Common-Gate Power 
Pg Gain at Noise Match 


19 NF Noise Figure 


Common-Gate Power 


. Gain at Noise Match 
f = 450 MHz 


ee 


21 NF Noise Figure 


NOTE: NZA 
7. Pulse test PW 300 us, duty cycle < 3%. 


2-56 Siliconix 


n-channel JFETS 
current regulator diodes | 


designed for... 


@ Current Regulation 
@ Current Limiting 
= Biasing 


@ Linear Ramp and Staircase 


Generator 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Peak Operating Voltage 
Forward Current 
Reverse Currents cs.neitee.s facht Mae ts nates 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 mW/°C) 
Operating Temperature Range 
Storage Temperature Range............... 
Lead Temperature Range 

(1/16’’ from case for 10 seconds) 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Ch aracteristic 


21S] Ilr Forward Current (Note 1) Nominal | 0.240 | 
T 
T Peak Operating Voltage 
4 POV 
| (Notes 1 and 2) 
Cc 
: 7 
VE Limiting Voltage (Note 3) 
6 [tye | os | 
7 D Small-Signal Dynamic | min =| 4.0 | 
ZF I 
8/Y Impedance (Note 1) | typ | 80 
N 
9 Cr Anode-Cathode Capacitance 


NOTES: 

1. Pulse test duration = 2 ms. 

2. Maximum VF where if < 1.1 IF] (Max) is guaranteed. 
3. Minimum VF required to insure Ip > 0.9 !F)(Min)- 


s 


Siliconix 


Performance Curves NCL 


See Section 4 ~ | 


BENEFITS 
® 
@ 
@ 


Low Cost 

Simple Two Lead Current Source 

Simplifies Floating Current Sources 
No Power Supplies Required 

Good Operating Current Tolerance 

+20% | 


TO-92 (MODIFIED) 
See Section 6 


ANODE 
+ 


: 


Plastic 


.... 360 mW 
—55 to 135°C 
—55 to 150°C 


CATHODE 


Cc 
A 


Bottom View 


Test Conditions. 


0.192 | 0.264 | 0.344 | 0.448 | 0.600 | 0.800 


0.240 | 0.330 | 0.430 0.750 | 1.000 | mA 
0.288 | 0.396 |0.516 | 0.672 1.200 
ee 
| 1a] 15. 
| 08] 05] 


Ve =25V,f=1MHz 


NCL 


J500 | J501 | J502 


VF =25V 


o1 
oO 


IF = 1.1 IE) (Max) 


—_ 
1eP) 


IF = 0.9 IF} (Min) 


NO 
No 


x 
QQ. 

NTA 

AE 


Current-Limiter Diode 
V-I| Characteristic 


VR VE 


POV 


Siliconix 2-57 


sosr vosr cosr zosr Losr oosr 


n-channel JFETs 
current regulator diodes 


Siliconix 


5506 J507 J508 J509 J510 J511 


designed for... 


= Current Regulation 
@ Current Limiting 
= Biasing 


= Linear Ramp and Staircase 


Generator 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Peak Operating Voltage..............05. 
Forward Current............. 00 e ee eee 
Reverse Current...... 0.0.00 .0 0 ce eee eee 
Total Device Dissipation at 25°C Ambient 


(Derate 3.27 mMW/°C)...........000 cee 
Operating Temperature Range............ 
Storage Temperature Range.............. 


Lead Temperature Range. 
(1/16”’ from case for 10 seconds) 


eo 8 8 se ew ee 


eae ee 360 mW 
.—55 to 135°C 


.—55 to 150°C ; 
ere , 300°C E) . 


Performance Curves NCL 
See Section 4 


BENEFITS 
@ Low Cost . 
® Simple Two Lead Current Source 


@ Simplifies Floating Current Sources 
No Power Supplies Required 


@ Good Operating Current Tolerance 
+20% 


TO-92 (MODIFIED) 
See Section 6 


ANODE 


Plastic 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


’ Forward Current (Note 1) 


1 
2} s| 'Fi 
| T 
= A 
4 T Peak Operating Voltage 
i (Notes 1 and 2) 
Cc 
D 
Y 
N 


ome 

poe te 
pun | ose 
cae 


Small-Signal Dynamic 
Impedance (Note 1) 


NOTES: 

1, Pulse test duration = 2 ms. 

2. Maximum Vf where If < 1.1 lei (Max) is guaranteed. 
3. Minimum Ve required to insure IF > 0.9 IF{(Min)- 


2-58 


eraeeraers 
Pisco [2160 | 20 | se | aa [e6° 


Pia{ ve foro foe [oso Tose 


Test Conditions 


VE =25V 


le = 1.1 Et (Max) 


IF = 0.9 IF} (Min) 


MQ | Ve =25V,f=1 kHz 


NCL 


Current-Limiter Diode 
V-| Characteristic 


VR Ve 


Siliconix 


n-channel JFETs sie eax 
current regulator diodes | 
designed for ee | Performance Curves NKL, VRMA 


See Section 4 


(ooL6er) zgsr 


BENEFITS 
= Current Regulation © Low Cost 
ee gta @ Simple Two Lead Current Source 
m@ Current Limiting @ Simplifies Floating Current Sources 


* ‘ No Power Supplies Required — 
@ Biasing 


= Linear Ramp and Staircase 


TO-92 (MODIFIED) 


Genera tor See Section 6 
ABSOLUTE MAXIMUM RATINGS (25°C) ANODE Plastic 
Peak Operating Voltage........ 0... 0.00. cee 100V 
Forward CUrent vst 4 te Ce ioe She ead waa 20 mA 
REVERE CUCL. 45 Oex Furs oe CR owe ees RN os 5OmA 
Total Device Dissipation 

(25°C Free Air Temperature) ........... 000.00 eee ees 350 mW COIHORe 
Power Derating (to+125°C) ............. cece eee 3.27 mW/°C 
Storage Temperature Range............... —55 to 135°C c 
Operating Temperature Range............. —55 to 135°C ‘ 
Lead Temperature Range | n A 
(1/16”’ from case for 10 seconds) .............. 300°C 


Bottom View 


ELECTRICAL.CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic | Min Typical | Max | Unit | Test Conditions 
T a 
A F 
T Peak Operating Voltage 
P ip =: 
5 e V 
6 
7 Rar . 
D a Small-Signal Dynamic 1.0 44 mo | Ve =25V,f=1 kHz 
gly Impedance (Note 1) 
N 
NOTES: NKL, VRMA 


1. Pulse test duration = 2 ms. 
2. Maximum Ve where Ie < 1.1 1F4(Max) is guaranteed. 
3. Minimum VF required to insure If > 0.9 IF4(Min)- 


Siliconix 2-59 


J553 J554 J555 J556 J557 


current regulator diodes _ «4... 
designed for ee ° e 25. Porformanice Curves NEL : 


See Section 4 


@ Current Regulation BENEFITS 

, : é...- 6,8 | @ Simple Two Lead Current Source 
= Current Limiting @ In Low Cost Plastic Package 
iss Biasing | @ Simplifies Floating Current Sources 


| No Power Supplies Required © 
m Low Voltage References | 


; TO-92 GiGuiREDY. 
-ABSOLUTE.MAXIMUM RATINGS (25°C) eeerer ron 


Peak Operating Voltage............ 00 eee eee ee 50 V Plastic 

Forward Current............. iG tabR Eee ee 2... 20mMA 

Reverse Current? : 4-<24ac440 beuew ewe Daanieeeweas 50 mA aie 

Total Device Dissipation at 25°C Ambient 

(Derate 3.27 MW/°C).........0. 000 eee ....360 mW 

Operating Temperature Range............. —55 to 135°C x 
Storage Temperature Range............... —55 to 150°C 3 

Lead Temperature Range " 


Bottom View 


(1/16” from case for 10 seconds) .............. 300°C CATHODE 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise pote 


. Dynamic Knee 
ccnits Current Limiting Voltage _ Peak op Volt Impedance Impedance 


‘ZK 


—— 
Pte oe 2 
Pete ts st ee = 
mA Volts Min Volts Megohms Megohms 


NOTES: NCL 
1, Pulse test —steady state currents may vary. 

2. Pulse test—steady state impedance may vary. 

3. Min Ve required to insure Ip>0.8 IF 4 (min). 

4. Max V_e where Ip < 1.1 IF1(max) is guaranteed. 


2-60 Siliconix 


low-leakage 
pico-amp diodes 
designed for... 


= High Impedance Diode 
Switching 


= High Dynamic Range Log Amps 


@ High Isolation Protection 
Circuits 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Forward Current i< cin winner dune tke chased 10mA 
Total Device Dissipation .........0 000 c eee eeee 360 mW 
Storage Temperature Range............ —65°C to +135°C 
Lead Temperature 

(1/16 from case for 10 seconds) ..........+6. 300°C 


ELECTRICAL CHARACTERISTICS (25°C) 


Characteristic 


l I 
—* 


I 
N 
jo) 


< 
Ss 


IR Reverse Current (Note 1) 


O-AbAN 


JPAD500 


Breakdown Voltage (Reverse) —35' 


3 V Forward Voltage Drop 


F 
D 
4 Nf CR Capacitance 


NOTE: 


2 BVR 


(a 
me] 
> 
O 
NO 
(on) 
[oo] 
W 
oi 
o 3 oO 


psf 


Siliconix 


BENEFITS 
@ Low Cost 


TO-92 (MODIFIED) 
See Section 6 


Plastic 


A 
c 
A 
Cc A 


Cc 
Bottom View 


Test Conditions 


IR =—-1 yA 
Ir =5mA 


pF | VRp=-5V,f=1MHz 


ocavdf OLGVdre Ssdavdr 


oosavdr oozavdf OOLavdr osavdf 


1. The JPAD type number denotes its maximum reverse current value in pico amps, 
Devices with Ip values intermediate to those shown are also available on request. 


Siliconix 2-61 


JR200V  JR220V JR240V 


JRIZ5V JRT70V_ 


high voltage - wid 
protection diode — 
designed for. a % Performance Curves VRMA 


See Section 4 


& High Impedance Diode BENEFITS 
Switching e Offers High Voltage Protection 
e Broad Current Range 


& High Dynamic Range Log Amps 
| High Isolation Protection 


Circuits 
TO-92 (MODIFIED 
ABSOLUTE MAXIMUM RATINGS (25°C) Sie en 
Anode to Cathode Voltage 
JRIBBV o.oo cece cece ccecececceeeueeteeneeeees 135V jes 
I RTIOV 2 ce Sue ctor edie te a ace Bie oes weenie aera ee 170V 
IR 2ZOOW 5 aap es moked pa eh ae bis doo ae eo ores 200V 
TR 270s carodeseadet utara ooo mete aledias iver 220V : 
CSR ZAOM sare Sarees ee Sas ae ten Grea ye achat GR eee ose 240V 
/ Forward Diode Current IF............... rae ee 20mA 
| Reverse Diode CurrentIF............ 0.00 ce eee eee 50mA & 
Power Dissipation Pp................00 cece eae 360 mW 
~ (Derate 3.27 mW/°C) ) 
Storage Temperature TSTG.............. —55°C to 150°C 
Operating Temperature TOp.............. —55°C to 135°C as 


| ELECTRICAL CHARACTERISTICS (25°C) 


Characteristic |Min | Typ |Max | Unit | Test Conditions 


ay ae 
= 
J | JR240V_ 240 


2 Forward Current j20{ | VF=2V 
£ VF=100V 

1=0.8 IF’ 

Vp =25V 


| ; VF =2-100V 
Ale/AT | - Ip Temp Coefficient +0.6 %/°C 
TA =—20 to + 85°C 


NOTE: VRMA 
1. Pulse test duration 2 ms. 


9-62 Siliconix 


enhancement-type 
n-channel MOSFET 


designed for... 


= General Purpose Amplifiers 


@ Analog Switches 
@ Digital Switching 


ABSOLUTE MAXIMUM RATINGS (25°C) 


psf 


Siliconix 


Performance Curves 
MBN See Section 4 


BENEFITS 


@ Low Insertion Loss 

RpS(on) = 100 $2 Maximum 
® Rugged 

Zener Diode Input Protection 


TO-72 
See Section 6 


Drain-to-Source Voltage................-000 cae 30 V gin 
Gate-to-Source Voltage........ Slt iare tet asa 30 V G 
Gate-to-Drain Voltage .................0020.2202. 30V 
Drain Current .............00.. aeeahd tenes 50 mA . 
Gate Zener Current .................200222-+. 40.1 MA ; 
Storage Temperature ................... -65 to 150°C 
Operating Junction Temperature ......... —55 to +125°C 
Total Device Dissipation 

(Derate 2.25 mW/°C to 125°C) ...... tae ae 225 mW 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) M116 

Characteristic | M116 Test Condition 


IGss Gate-Body Leakage 

VGS(th) Gate Threshold Voltage 

BVpss _ Drain-Source Breakdown Voltage 
+7 | BVsps Source-Drain Breakdown Voltage 


ID(off) Drain Cutoff Current 


-o 


” 
Oo 


c | 'S(off) Source Cutoff Current 


1 
2 
3 
4 
5|A | BVGps Gate-Body Breakdown Voltage 
6 
“7 
8 
3 ‘DS(on}) Drain Source ON Resistance 


10 Ciss Input Capacitance 
11)? Cgs Gate-Source Capacitance 
12 N Cod Gate-Drain Capacitance 


13 Cdb Drain-Body Capacitance 


i) 
oO 


a) 


2 


° 


0 


= 
oO 


rl Bos 
NL oO] a 


= 
w 
a 


Siliconix 


pA VGs = 20 V, Vos = Ves = 0 

VGs = Vos. Ip = 10HA, Veg = 0 
ip = 1uA, VGs = VBs=0 

Is = 1uA, VGD = VBD = 9 

Ig = 10uA, Vsp = Vpp = 0 
Vps = 20 V, Vgs = Vgs= 90 

Vsp = 20V, VGp = Vep= 9 

VG6s = 20 V, Ip = 100 uA, Ves =0 
VGs = 10 V, ip = 100 uA, Ves = 0 


VGB = 9, Vpgp= 10 V, Vgs=0 


< 


nA 


“ 


2 


F VGB = VpB = 9 f= 
P Body Guarded 1 MHz 
VG6B = 9, Vpgp= 10 V 
2-63 


9OLLW 


M440CHP M441CHP 


monolithic dual | os 
n-channel JFET Chips = 


designed for... 


@ Hybrid Circuits 


= Wideband Differential! : 
Amplifiers 


@ VHF/UHF Amplifiers 310 Os2 


BENEFITS 


@ High Gain through 100 MHz 
Of, > 4500 umho 


@ Low Insertion Loss 
@ Tight Tracking 


ABSOLUTE MAXIMUM RATINGS (25° C) 


Gate-Drain or Gate Source Voltage ........... ee -25V 
Gate Current ................00% Oe TON Teeter Bide 50 mA 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


[_Maaocup | maaicHP 
Characteristic fw [ma Unit Test Conditions 


2|T[Vastofty __Gate-Source Cutoff Voltage ine ee ee Vps = 10V, Ip = 1 nA 
A ee a ee ee ee ee ee ee 

! 

Common-Source Forward 

°| ae ee 2000 |4.500] | 2.000, 

Y f=1kHz 

g Common-Source Output 200 

7 | N | 9os Conductance 

A. VpoG=10V,Ip=5mA 
gs |Mic, Common-Source Input 

\ ee Capacitance 

C 


C ; 7 f= 1 MHz 
ommon-Source Reverse 
IVGS1-VGS2|__ Differential Gate-Source Voltage SeCeErS VpG=10V,Ip=5mA 


NOTES: NNZ 
1. Approximately doubles for every 10°C increase in Ta. 
2. Pulse test duration = 300 psec; duty cycle < 3%. 


rs 
+A >=¢ 


2-64 Siliconix 


monolithic dual | sg 

hhconix | = 

n-channel JFETs chips |g 

: = | U 

designed for... . 

On 

m@ Hybrid Circuits - BENEFITS < 

a @ High Gain through 100 MHz A 

= Wideband Differential Gf, > 5000 umho | = 
Amplifiers @ Low Insertion Loss 


@ Tight Tracking 
@ VHF/UHF Amplifiers 


D4 D2 
ABSOLUTE MAXIMUM RATINGS (25° C) A rh. 
i -25 V eee 


Gate-Drain or Gate Source Voltage ................. 
Gate: Current ini c2cecshue Gad iteotemltsosieioetesies. OO MA 


*ELECTRICAL CHARACTERISTICS (25° unless otherwise noted) 


Characteristic , | min | max | unit | Test Conditions 


1 -100 
Gate Reverse Current een (al AT VGs=-15V,Vps =0 oe 

2 aie ae Ta = 150°C 

3} S | BVgss Gate-Source Breakdown Voltage | -25 | Ig =-1 HA, Vps = 0 ; 

4 : VGS(off) Gate-Source Cutoff Voltage . ot [8 V Vps=10V,Ip=i1nA 

5|1T1V6s Gate-Source Voltage 

| -100 pA | VpG=10V,Ip=5mA 

she tis a eee ee OE PA WG D 

8 Ofs Common-Source Forward Transconductance _ | 5000 | 10,000 . = 1kHz 

9 Ofs Common-Source Forward Transconductance 5000 10,000 ee f = 100 MHz 
101 D | Gos Common-Source Output Conductance pe 100. | f = 1kHz 
11 Jos Common-Source Output Conductance fT 80 f = 100 MHz 


12 7 Ciss Common-Source Input Capacitance ae eee VpG=10V,Ip=5mA_ 1 MHz 
13 i Crsg Common-Source Reverse Transfer Capacitance Sa res 


nV 
14 Equivalent Short Circuit Input Noise Voltage meme f = 10 kHz 
f= 10 kHz 
i saa ae A Rg = 100K 


ee een 
Characteristic 
16 lig1-Iga! Differential Gate Current Pete VoG=10V,Ip=5mA | Ta=125° C 


Test Conditions 


'pss1 Saturation Drain Current Ratio 

17 w.| Ipsso (Notes 1-and 2} 0.95 Vps = 10 V, Vgs = 90 
18 : IVGsi-VGs2! Differential Gate-Source Voltage j—{— 1+ + 

Cc Ta= 25°C 
My HA vigey Ves RIES Ts = 126°C 

| GS1-¥GS2' Gate-Source Voltage Differential uV?C 

N AT Drift (Note 3) VpG=10V,Ip=5mA Ta =-55°C 
20 G (Guarantee- no test) Tg = 25°C 


f= 1kHz 


g 
21 fs Transconductance Ratio (Note 2) ar errr 
Ofs2 , 


*JEDEC registered data. NNZ 
NOTES: 

1. Pulsewidth < 300 us, duty cycle < 3%. 

2. Assumes smaller value in numerator. 

3. Measured at end points, Ta and Tg. 


Siliconix 2-65 


MFE823 


|enhancement-t 


| Lead Temperature 


| 6 Common-Source Forward 
Transconductance 
: 


type 
p-channel MOSFET 


1:% 


Siliconix 


designed for... a 


@ High-Input BENEFITS 
Impedance Amplifiers © High Input Impedance 
: IGss = 30 Femto Amp Typical 
Smoke Detectors @ High Gain 7 
Electrometers g¢s = 1000 umho Minimum 


pH Meters 


ABSOLUTE MAXIMUM RATINGS (25°C) 
Drain-Source NOI LAGS 2h. a arate artes ak as eo ee ee ons 25 V 


(1/16” from case for 10 seconds) ............... 265°C 


ELECTRICAL CHARACTERISTICS (25°C) 


Characteristic 


| min | Max | unit | 
1], [tess GateSource Leakage Curent || 10 | pa 
2] | evpss Drain Souree Breakdown Vorwae | 25 | |v 
3 a a 
4| | = Drain Cutoff Current as Ree 
5 


Ip(on) ON Drain Current 


Common-Source Reverse 


Cc 
rs Transfer Capacitance 


C: Common-Source Input 
Bs Capacitance : 
fs 


2-66 Siliconix 


-| Gate-Source Voltage... .... ccc ee eee +10 V Ses oactien 6 
Drain: CURE sae sho at areied wane eas ew ete eed 30 mA. 
Total Device Dissipation at (Or Below) Ta = 25°C 
- (Derate 3 mW/°C to +150°C) .............0.. 375 mW 
Operating Junction Temperature. .......... —55 to +150°C D 
Storage Temperature........ 2.000 e eee ~—65 to +200°C 


Test Conditions 
Ves =-10 V, Vps =0 
Ip =-10 nA, VGs =0 
Vps =—-10 V, Ip =-10 uA 
Vps =-10 V, Ves =0- 
Vps =-10 V, VGsg =-10 V 


Vps =—10 V, Ip = —2 mA, f = 1 kHz 
Vps =-10 V, VGsg = -10 V, f= 1 MHz | 


MRA 


n-channel JFET 


bs 


Siliconix 


designed for a ee Performance Curves NH 


See Section 4 


m@ VHF/UHF Amplifiers BENEFITS 


@ Low Cost 


=m Mixers 


@ Automatic Insertion Package 


= Oscillators 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Drain-Gate VoltaG@ one kei cera kun aee cd anette 25 V 
Source-Gate Voltage ......... ccc cece ee eee 25 V 
Drain-Source Voltage. ........ 0.0... eee eee 25 V 
Forward Gate Current........ 0.000 eee eeueeee 10mA 
Total Device Dissipation at 25°C Ambient 

(Derate 3.27 MW/°C)..... 0... cee eee 360 mW 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C 
Lead Temperature Range 

(1/16” from case for 10 seconds) .............. 300°C 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


Ss 
T Gate-Source Breakdown 
3 A BV Gss Voltage 
T 
Gate-Source Cutoff 
“| A LYSSloff Vottage ee oe ae 
Cc 


7.5 
7500 


Common-Source Forward 
Transconductance 


~ UEC GD 
o 
3 3 
Oo 3 
[om e) 
3 3 
Be 
a © 
c 
3 9 
on 
| 
o 
x 
Qo 
NO 
(on) 
(oo) 
(o) 


© 

a) 

oO 
< 
= 
Bo. 


ice) 


Re Common-Source Input 
(Yis) Conductance 
11 Cc: Common-Source Input 
ise Capacitance 


pF 
Common-Source Reverse 


NOTE: 
1. Pulse test PW = 300 us; duty cycle < 3%. 


Siliconix 


ae ae eee 
IGss Gate Reverse Current 
ee ee es ee 


VGs =-15 V, Vps =0 


D 

Y umbhos- 
n| Re Common-Source Output 

A (Yos) Conductance 

M 

I 

Cc 


TO-92 
See Section 6 


Plastic 


Bottom View 


Test Conditions 


Ta = +100°C 


Ig =—-10 uA, Vps = 0 


Vps=15V,Ip=2nA 


Vps = 15 V, Vgs = 0 (Note 1) 
Vps = 15 V, Ip = 200 uA 


f = 1 kHz 


f = 100 MHz | 


Vps = 15 V,VGgs =0 


f = 1 MHz 


NH 


2-67 


cOLIdW 


MPF108 


n-channel JFET a 


designed for eee Performance Curves NH 


See Section 4 


@ VHF/UHF Amplifiers BENEFITS 


@ Low Cost 
@ Mixers @ Automatic Insertion Package 
@ Oscillators 
TO-92 
See Section 6 
ABSOLUTE MAXIMUM RATINGS (25°C) a 
Plasti 
Drain-Gate Voltage ...... 0... cee ee eee Goa eas 25 V sik 
Source-Gate Voltage... 1... ce 25 V | 
Drain-Source Voltage. .... Beicid Nel sik that ahs aati Scania atalaeay 25 V 
Forward Gate Current................ Mise eat eds 10mA ) 
Total Device Dissipation at 25°C Ambient 
(Derate 3.27 mW/°C).......... eh bse Atel nce aie 360 mW 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C i 
Lead Temperature Range 
(1/16”’ from case for 10 seconds) .............. 300°C . ee 
S 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 

: : 

leet Ta= 100°C 
| 


Characteristic Test Conditions 


Gate Reverse Current 


Nj = 


” 
7) 


Gate-Source Breakdown 


oR) 
oo 
< 
GQ) 
” 
n 


Transfer Capacitance 
13 


Vps = 15 V, Vgg=0,RG=1MQ | f=1kHz 


NF Noise Figure 
Vps = 15 V,Vgg=0,RG=1K2 | £=100MHz 


: a 
a ae Eee 
A = 
T vole a a 
4|'!|VGsiort) Gate-Source Cutoff Voltage Vps = 15 V, Ip = 10 nA 
‘ee © Ipss_ Saturation Drain Current | 45 | 24 | mA Vps = 15 V, VGsg =0 (Note 1) 
Common-Source Forward | 
6) | 9fs Transconductance } 2000 | 7500 
S ‘ 5 f =1 kHz 
ommon-Source Output 
Common-Source Forward 
P D Re(vfs) Transconductance | 600 f pines 
Y Common-Source Output a _ a 
A : 
M : Common-Source Input 
We I Pelvis) _ Conductance 
1 Cc C: Common-Source Input 
= Capacitance 
| a = = f = 1 MHz 
Vaal Verse ommon-Source Reverse mes 
: ee 
|14 es 


00 
pF 
5 
3.0 Ee 


NOTE: NH 
1. Pulse test, pulse width = 300 us, duty cycle < 3%. 


2-68 Siliconix 


n-channel JFET sit. 
designed for - a Performance Curves NRL, NPA 


See Section 4 


60L4ddW 


= General Purpose Amplifiers =—sBENeEFiTs 
- @ Low Cost 
i Analog Switches e Automatic Insertion Package 
TO-92 
See Section 6 
ABSOLUTE MAXIMUM RATINGS (25°C) Plastic : 
Drain-Gate Voltage .. 1... . ce ees 25 V 7 
Source-Gate Voltage ....... ce ee eee 25 V 
Drain-Source Voltage... . 0... 0c ce eee 25 V 
Forward Gate Current. ....... 0.00 c eee e eee 10 mA 
Total Device Dissipation at 25°C Ambient 
(Derate 3:27 WG) sein wads hed wee 360 mW : 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C ao 
Lead Temperature Range 
(1/16” from case for 10 seconds) .............- 300°C s 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


| Min | | Max | Test Conditions 
IGss Gate Reverse Current ane re ere 
.2 


T Gate-Source Breakdown 
A|8Vass Voltage iad V 
T 


Ig =-10 nA, Vpg =0 ae ees 
3| ,|Vas(oft)  Gate-Source Cutoff Voltage | 0.2 | | -80 | Vps=15V, Ip = 10uA 
41 Clipss Saturation Drain Current | o5 | | 24 | mA_ | Vpg=15 V, Vag = 0 (Note 1) 


5 Common-Source Forward 
D kmho f=1 kHz 
6 y Common-Source Output 5 : 
Sos Conductance 
N : Vps = 15 V, Veg = 0 
TIA Common-Source Input 
Ciss : 4.5 7.0 
M Capacitance é 
p 
gj}! Cc Common-Source Reverse 30 
C | rss Transfer Capacitance ; 
: ; Vps = 15 V, Vgs = 9, 3 
a eee | foo | as | ae Ror IM2 nai 


NOTE: NRL, NPA 
1. Pulse test PW < 630 ms, duty cycle < 10%. 


f= 1 MHz 


Siliconix 2-69 


MPFI11 


NTO] OTR] GO] NM T= 


: 1 Common-Source Reverse Transfer 
8 Cc Crss : 
Capacitance 


n-channel JFET | =i22 
designed for 3: ee Performance Curves NRL, NPA 


See Section 4 
= General Purpose Amplifiers | BENEFITS 
= Analog Switches © Low Cost 


@ Automatic Insertion Package 


TO-92 
See Section 6 
ABSOLUTE MAXIMUM RATINGS (25°C) Plastic 
Drain-Gate Voltage... .. 0... cc ee eee ee ee 20V 
Source-Gate Voltage ...... ee ee es 20V 
Drain-Source Voltage... ...... 0.0 c cece eee eens 20V 
Forward Gate Current...... 0... 00 ccc eee ee eeee . 10mMA 
| Total Device Dissipation at 25°C Ambient. 
(Derate 3.27 mMW/°C).. 0... ce eee 360 mW : 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range..............: —55 to 150°C G 
Lead Temperature Range 
(1/16” from case for 10 seconds) ............-. 300°C s 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


| Mex | Unit | Test Conditions - 
| -100 | nA _| Vgg=-10V, Vps=0 


’ Ig =-10 uA, Vps = 0 
Vps =10V,IDp=1HA 
Vps = 10 V, VGs = 0 (Note 1) 


f=1 kHz 


Characteristic Min | Typ 
Sligss  _Gate-Reverse Current a 

T 

A|BVcGss __Gate-Source Breakdown Voltage 


' VGS(off) Gate-Source Cutoff Voltage 
Cc Ipss Saturation Drain Current 


D | 9fs Common-Source Forward Transconductance | 500 | 
. Jos Common-Source Output Conductance ne 


Vps = 10 V, Ves = 0 
- Ciss Common-Source Input Capacitance ue 2° 


= 1 MHz 


NRL, NPA 


NOTE: 
1. Pulse test PW < 630 msec, duty cycle < 10%. © 


92-70 Siliconix 


n-channel JFET 


designed for... 


m@ VHF/UHF Amplifiers 
m@ Mixers 
= Oscillators 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Drain-Gate Voltage ........ cc ee ee 25 V 

Source-Gate Voltage ... 0... 0... ee ee ees 25 V 

Drain-Source Voltage... 1.0... 0.0.0 eee ee eee 25 V 

Forward Gate Current........ 0.00.00 cee eee eee 10 mA 

Total Device Dissipation at 25°C Ambient | 
(Derate 3.27 MW/°C). oe ees 360 mW D 

Operating Temperature Range............. —55 to 135°C 

Storage Temperature Range............... —55 to 150°C G 

Lead Temperature Range : 
(1/16” from case for 10 seconds) .............. 300°C 


ms: 3 


Siliconix 


Performance Curves NH. 
See Section 4 


BENEFITS 


@ Low Cost 
@ Automatic Insertion Package 


TO-92 
See Section 6 


Plastic 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


1 | Iss Gate Reverse Current cs 


Gate-Source Breakdown 


2 . BVGss Voltage 
3 A Vv Gate-Source Cutoff 
| Mipss Saturation Drain Current _| 
4\c lipss Saturation Drain Current Saturation Drain Current 


5 Common-Source Forward 
Sfs Transconductance 
- rce F d 
Common-Source Forwar ae 


6 Re(y¢.) Transconductance 


Common Source Input 
7 v C; 


8 C Common-Source Reverse 
rss Transfer Capacitance 

NOTE: 

1. Pulse test PW = 300 us, duty cycle < 3%. 


Siliconix 


= Test Conditions 


Ig =-10 nA, Vps = 0 
att eeu 
fh ema nee oem en 


7500 


f =1 kHz 
umho 
f = 100 MHz 


Vps = 10 V, Ves = 0 


f= 1 MHz 


NH 


2-71 


TL LddW 


P1086 P1087 


PREFERRED PARTS J174 SERIES 


p-channel JFETS wun 
designed | for = Performance Curves PSA 


See Section 4 


|m™ Analog Switches BENEFITS 
| | : @ Low Insertion Loss — - 
al Choppers (DS(on) = 75 2 Maximum (P1086). 
bs Commutators @ No Offset or Error Voltages Generated 
by Closed Switch 


Purely Resistive 


ABSOLUTE MAXIMUM RATINGS (25°C) 


TO-92 
Gate-Drain or Gate-Source Voltage (Note 1)......... 30V See Section 6 
Gate-Cunmrents 12924 agate eae and ewes 50 mA 
Total Device Dissipation at 25°C Ambient 
(Derate 3.27 MW/°C).. 0... ee ee eee 360 mW 
| Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C 
Lead Temperature Range “* . 
(1/16 from case for 10 seconds)............ .. 300°C 
7 G 
s D 
Ss 
Bottom View 
‘ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
Characteristic aa] vale Test Conditions 


Gate- Source Breakdown 
"| LPYGSS — Vottage sDeoens over ee 


3 ; ee ae Vos tee Vggs = 12 V (P1086) 


ne es 


a] S Ta = 85°C 
5 . IpbGo Drain Reverse Current oe [at | _2 | na, =| VpG =—-15 V, Is =0 ae — 
T ae GN Ce GS Ta= 85 


6 C VGSloff) Gate- Source Cutoff Voltage ae sees Vps =—15 V, Ip=-1 uA 
7 Ipsg . Saturation Drain Current |-10 | =| 5 {| | ma | Vps =-20V, VGs = 0 
8} | Vps(on) Drain-Source ON Voltage ee VGs = 0, Ip =—6 mA (P1086), Ip = -3 mA (P1087) 


Static Drain-Source ON 


D Common-Source Input _ _ 
u ae [ Vos" ~18V. Vas 0 
Vpp = —6 V, VGs(on) = 9 


Common-Source Reverse 
aK 
Zs VGSloff) '!D(on) Re 
ee a 
|_| 100 | 


f= 1 MHz 


Vps = 0, Vgg = 12 V (P1086) 
Vos = 7 V (P1087) 


12 Crss Transfer Capacitance 


13] S| tg(on) | Turn-ON Delay Time 


eas TA 
15 i td(off) | Turn-OFF Delay Time ae ET 
as 


NOTE: PSA 
1. Due to symmetrical geometry, these units may be operated with 
source and drain leads interchanged. 


P1086 12V -6 mA 910 2 


16} H| te Fall Time P1087 TV —3mA 1.8K 2 


9-72 Siliconix 


low-leakage 
pico-amp diodes 
designed for... 

= Clipping Circuits 

= Diode Switching 


= High Impedance 
Protection Circuits 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Forward Current .......0cccceececceceeeeeee 
Total Device Dissipation ............0ccceeeee 
Storage Temperature Range............ 
Lead Temperature 

(1/16’’ from case for 10 seconds) 


300 mW 


—— 


Siliconix 


BENEFITS 


@ Very High Off-Isolation 
1 pA Max (PAD1) 


TO-18 (MODIFIED) 
See Section 6 


ANODE 


CASE 
CATHODE 


ANODE 


CATHODE 


(Case lead for 


ANODE PAD1, 2, & 5 only) 


CATHODE CASE 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


IR Reverse Current 


BVR_ Breakdown Voltage (Reverse) a : 


Forward | VE Forward Voltage Drop Drop 
Cr Capacitance peer 


OPDOI INI Ai ony Pw jm i = 
O-arRP49 


APPLICATION 


Operational Amplifier Protection.Input Differential Voltage limited 
to 0.8 V (typ) by PADS D1 and Dz Common mode input voltage 
limited by PADS D3 and Dg to 415 V. 


Siliconix 


Wane f= 1MHz 


Test Conditions 


PAD100 

PAD1, 2,5 

PAD10, 20, 50, 100 

PAD1, 2, 5, 10, 20, 50, 100 
PAD1, 2,5. 

PAD 10, 20, 50, 100 


IR=-1uUA 


fip=5mA 


} CONTROL SIGNAL 


Typical sample and hold circuit with clipping. PAD diodes reduce 
offset voltages fed capacitively from the FET switch gate. 


2-73 


SaluaS SGVdfe LNATWAINOS DILSW 1d 


OOLGVd OSdVd OZaVd OLdWd SdVd Zavd Ldvd 


PN4091 PN4092 PN4093 


n-channel JFETs — oe 
designed for... Performance Curves NCA 


BENEFITS 
Ne3 Analog Switches @ Low Insertion Loss 
High Accuracy in Test Systems 
= Commutators rDS(on) < 30 92 (PN4091) 
® High Off-lsolation 
= Choppers ID(off) < 200 pA 
° @ High Speed 
a Integrator Reset Switch rice < 10 ns (PN4091) 
@ Short Sample and Hold Aperture Time 
| Crss < 5 pF — 
ABSOLUTE MAXIMUM RATINGS (25°C) Plastic 
Reverse Gate-Drain or Gate-Source Voltage......... -40 V on idee 6 
Gate CUrent.G.s.bivd raw. c kc ac eae ed- eae es 1... 10mMA 2 
Total Device Dissipation at 25°C Ambient 
(Derate 3.27 MW/°C).........020008 Se etebaes 360 mW , 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range.............-. —55 to 150°C s 
Lead Temperature Range ‘ 
(1/16” from case for 10 seconds) ............5- 300°C | 


D 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) Bottom: View 


PN4091 PN4092 PN4093 
Characteristic : FMin | Max | Min | Max | Min | Max. Unit Test Conditions 


[avess GateSouree Breakdown Vora | 0 | 0 [0] |v | e=1uavos=0 
a 


eo ttt PPP eve Fa 
ae eee ee ee ee ieee 
Re ae ee Pee : 


ID (off) Drain Cutoff Current a a ee = Vps = 20 V /ves=- 8 ae ene Cc 
a a} a pf eh Gis jvos=-12¥ 
Ecce ee ee ee ee rs a 150°C 


| 
101 C | VGS(off) Gate-Source Cutoff Voltage ie ve iet ieee Vps=20V,Ip=1nA 
| a 


el | Ip =2.5 mA 
13 VDS(on) Drain-Source ON Voltage me , VGs=0 Ip=4 mA 
14 Ip =6.6mA 


15 TDS(on) Static Drain-Source ON Resistance Petpet ate V6s=0,ip=i1mA 
16 Hrds(on) Drain-Source ON Resistance Drain- Hrds(on) Drain-Source ON Resistance ON Resistance V6s=0,!p=0 = 1kHz 


S 
T 
A 
T 


[i eer —eomonsotmrenee | Pe Pw PP ; a 


Common-Source Reverse Transfer es are 
18] " [crs Sopastanes ea Yos= 0. Vas = -20- 


ID{on) VGS(off) RL 


21 loff SR Time PN4092 4 -8 700 
PN4093 2.5 -6 1120 


NCA 
INPUT PULSE SAMPLING SCOPE 
NOTE: RL RISE TIME < 1ns RISE TIME 0.4 ns 
1. Pulsewidth = 300 us, duty cycle < 3%. D Vout FALL TIME <1ns INPUT RESISTANCE 10M 
PULSE WIDTH 1 us INPUT CAPACITANCE 1.7 pF 


Ss PULSE DUTY CYCLE < 10% 
= PULSE GENERATOR IMPEDANCE 502 


2-74 Siliconix 


n-channel JFETs _s 


Siliconix 


designed for ee Sane Performance Curves NT 


See Section 4 


@ Ultra-High Input BENEFITS 


Impedance Amplifiers © Low Power 
loss < 90 uA (PN4117) 
Electrometers @ Minimum Circuit Loading 
pH Meters lass < 1 pA (PN4117A Series) 


Smoke Detectors 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Reverse Gate-Drain or Gate-Source Voltage......... -40 V 
Gate CUNCNE \s.0 is 54-4 @ ee acca a base apse es ee weds 10 mA TO-92 Plastic 
Total Device Dissipation at 25°C Ambient See Section 6 
(Derate 3.27 MW/°C).... 0.00... eee ee 360 mW D 
Operating Temperature Range.......... ...—55 to 135°C 
Storage Temperature Range............... —55 to 150°C G 
Lead Temperature Range 
(1/16” from case for 10 seconds) .............. 300°C 


G 
s 

G 
2 s 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic PN4117A PN4118A PN4119A PN4120A | Unit Test Conditions 
[Min| Typ] Mex] Min] Typ] Max] Min Typ] Max] Min | Typ |Max_ 
Gate Reverse Current re ea ee re ee eee Vos = -20V,V 0 
a Pes Pes] Tas] Foeo Tin | Yes 0 YS 9 [oor 
ST. Gate Reverse Curent I 2 eS a ee 
cL OE a 
{ore g= THA Vos=0 
' Pee VoS= 10. Ip= 1 9A 


Saturation Drain Current 
0.0 0.0 0.20 0.0 0.3 mA | Vps=10V,V 0 
7| [toss seuss a ee ee eet 0s 10. Vos 


Ofpoaol~rhilolrn]— 


Common-Source Forward 
70 210 250] 100 330 | 7 300 
: D is Transconductance (Note 2) Se i en ad fa h f 1 kH 
9 _ Common-Source Output 10 20 
Jos Conductance 
A Vps = 10 V, Vgs = 0 
10 M rv Common-Source Input 
I | iss Capacitance 
c pF f= 1 MHz 
rT) C Common-Source Reverse Transfer 15 15 15 15 
FSs Capacitance 
NT 


NOTES: 
1. Due to symmetrical geometry, these units may be operated with source and drain leads interchanged. 
2. This parameter is measured during a 2 ms interval 100 ms after power is applied. 


Siliconix 2-75 


VOT LUNd OZLUNd V6LLVNd 6LLYNd 


V8LLUNd 8LLUNd VZLLUNd ZLLYNd 


PN4302 PN4303 PN4304 


n-channel JFETs 


designed for... 


= General Purpose Amplifiers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


| Gate-Drain or Gate-Source Voltage (Note 1)....... —30V 
Gate: CUITENt sbi oo eA eee a hot a ete aes 50 mA 
Total Device Dissipation at 25°C Ambient. | 
(Derate 3.27 MW/°C).............00 eee eee 360 mW 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range............... —55 to 150°C 


Lead Temperature Range 
(1/16” from case for 10 seconds) .............. 300°C 


Siliconix 
Performance Curves NPA, NH 
See Section 4 | 


BENEFITS 


@ Low Cost 
@ High Input Impedance 
Ig = 35 pA Typically 
@ Low Noise a 
pn = 5 nVA/Hz Typically @ 1 kHz 


TO-92 
See Section 6 


D Plastic 
G 5 
Ss 


Oo HM 


Bottom View 


| ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic . SS Test Conditons 
eee pata ate 


Oo 


BVGSS Gate-Source Breakdown Voltage | 30} | —3 
V GS(off) Gate-Source Cutoff Voltage | | ao] | 
Ipss Saturation Drain Current (Note 3) 


Common-Source Forward 
6 Sfs Transconductance (Note 3) 1000} | em ta 
7 Common-Source Output 
Jos Conductance 
- nr 


alajwlry[a 
O-APpAD- 


. IG =-1 HA, Vps =0 
Vps = 20 V, Ip =10nA 


= 1 kHz 


8 D C Common-Source Reverse Transfer 3 
Y ad Capacitance 
N : f = 1 MHz 
Common-Source Input Capaci- 
I 
10 c 


1 NF Noise Figure 


20 Vps=10V, | f=1 kHz, 
; Vos =0 Rgen = 1.0M 2 


ne Woserre a ve 
Common-Source Short Circuit V =20V 
12 Ivfs! Forward Transadmittance 700 1400 700 umho one -o | (f= 10 MHz 
(Note 3) GS 


NOTES: 

1. Geometry is symmetrical. Units may be operated with source and drain leads interchanged. 
2. Approximately doubles for every 10°C increase in Typ. 

3. Pulse test duration = 2 ms. 


2-76 Siliconix 


NPA, NH 


n-channel JFETs ie 
designed for ec5e Performance Curves NCA 


See Section 4 


= Analog Switches BENEFITS 


@ Low Insertion Loss 
= Commutators @ No Offset or Error Voltages Generated 


m= Choppers by Closed Switch 


Purely Resistive 
High Isolation Resistance from 


E6EUNd C6EUNd L6&VNd 


Driver 
@ Low Cost Plastic 
ABSOLUTE MAXIMUM RATINGS (25°C) 
Reverse Gate-Drain or Gate-Source Voltage ......... —-40 V es sacach 6 | 
Forward Gate Currents .23 dct aiahist met earn: 50 mA 7 
Total Device Dissipation at 25°C Ambient , 
(Derate S27 MWC) aa cwarananse lane sas 360 mw : 
Operating Temperature Range............. —55 to 135°C . 
Storage Temperature Range............... —55 to 150°C : as a 
Lead Temperature Range s 
(1/16’’ from case for 10 seconds) .............. 300°C 8 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic Sa ea punt | Test Conditions 


ene tt rae = 


eae eee Cea Gee Go eee 
eae aire (ete: Fas [vesoy_ 100° 


Ia 
ss 


10 |¢ ean Gate-Source Cutoff Voltage ape “Vpg=20V,Ip=1nA 


11 lpss Saturation Drain Current (Note 1) ec _— Vps = 20 V, Ves = 0 


12 Sc See soe oe Ip = 3 mA 
13 VpbS(on}) Drain-Source ON Voltage ne eS a ee a VGs= 0 Ip =6mA 
pt Ip = 12 mA 


| vos=-12V =~12V 


OLOINITO IO FA Po Jy > 


_100%¢ 


17 
i Se 


—- . , 

me a Vp = 10V. Ves(on) = 0 a | 

| Vv | | 
i a es 
ae a ae pNaze2 6 T1.8K 
Pf 2] | 30 pages 3B BK 


NOTE: 
1. Pulse test required, pulse width = 300 us, duty cycle < 3%. 


Siliconix eat 


N 


PN4416 


n-channel JFETs | | eit ric 
designed : for eee Performance Curves NH _ 


See Section 4 


= VHF Amplifiers BENEFITS 
e @ Low Noise 
= Mixers NF = 3 dB Typical at 400 MHz 
@ Wide Band 


High g,/Cjg, Ratio 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Plastic 


Gate-Drain or Gate-Source Voltage............08. —30V ‘ TO-92 

Gate CUrreniticc4 nce ale castes ania aware inavables 10mA penpenene 

Total Device Dissipation at 25°C Ambient | D 

(Derate 3.27 MW/°C).. 2... cee ee ees 360 mW 

Operating Temperature Range............. —55 to 135°C G 

Storage Temperature Range............... —55 to 150°C ; | | 
© 
D S 


Lead Temperature Range 
(1/16” from case for 10 seconds) ....... dace ae 300°C 


Bottom View 


Test Conditions 


Characteristic 


5 
6 fs Common-Source Forward Transconductance 4500 | 7500 
D umho f= 1 kHz 
71Y¥ Dos Common-Source Output Conductance | | 50 | 
: N Vps = 15V,VGs=0V 
9 


Al Cress Common-Source Reverse Transfer Capacitance a es 
M 


1] Ciss .Common-Source Input Capacitance a oe pF 
Cc 
10 Coss Common-Source Output Capacitance | | | 
"Characteristic -_100mHz | 4oome | nig Test Conditions 


f= 1 MHz 


Common-Source Output 
boss Susceptance 1000 | ie 
Sfs Transconductance 
Gps Common-Source Power Gain i ee a a Vps=15V,Ip=5mA 


NH 


Common-Source Output 
iia Conductance a: pe Vps=15V,VGgs=0V 
Common-Source Forward = 


H 
1 
G 
H 
F 
R 
E 
Q 
U 
E 
N 
Cc 
Y 


NOTES: 
1. Pulse test duration = 300 us. 


2-78 ‘Siliconix 


n-channel JFET | Ss 


designed for... 


Siliconix 


m Low and Medium Frequency BENEFITS 
Amplifiers @ Low Cost 
| TO-92 
ABSOLUTE MAXIMUM RATINGS (25°C) Gad Ceccne | 
Gate-Drain or Gate-Source Voltage ............00 —25V ‘ peo 
Gate Current (FWD) ...... 2... cee ee 10 mA 
Total Device Dissipation at 25°C Ambient P 
(Derateo.27 MW/ C)ec cadadacc nua eewaw edhe 360 mW 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range..............- —55 to 150°C 
Lead Temperature Range 
(1/16” from case for 10 seconds) ...........05. 300°C : 
S G 
3 S 
Bottom View 
*ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
Characteristic | Max | Unit | Test Conditions 
s| 'Gss Gate Reverse Current aaa Ves =-15 V, Vps = 0 Ta = 85°C 
‘ BVGss Gate-Source Breakdown Voltage at Ig =-10 uA, Vps.= 0 


a a a Cr 


Common-Source Forward 


9] p| Yos Common-Source Output Conductance | | 200] imho 
Common-Source Forward 
i N Sfs Transconductance 1800 C2. 
11 M Ciss Common-Source Input Capacitance 
12 Cc Common-Source Reverse Transfer 
¢ rss Capacitance 
13 Common-Source Spot Noise INF Common-Source Spot Noise Figure _| INF Common-Source Spot Noise Figure | | 3.0] aB | 


14 Equivalent Short Circuit Input Noise Nir 
Voltage 


* JEDEC registered data 


NP QO] OTF BLOT Ml 


f=1 kHz 


Vps = 15 V, Ves = 0 


f=1 MHz 


Rg = 150k 2 


f= 1 kHz 


Vps=15V,Ip=1mA 


Siliconix 2-79 


E9LSNd 


SD210DE SD212DE SD214DE 


ep ene [a 


n-channel DMOS FETs 


Designed for Military and Industrial Applications oe 


u High-Speed Switching | 
= Analog Switch 
a Multiplexer 


ag Digital Switch 


= Ato D Converters 
= D to A Converters 
= Choppers 

= Sample and Hold 


ABSOLUTE MAXIMUM RATINGS (°C) 


Drain “GUPCNice8 5 eee Bio Pied eo on Bo neweeon 5OmA 
Total Device Dissipation at 25°C 

Case Temperature........ 2.0 cece c cece cence 1.2W 
Storage Temperature Range............. —65° to +200°C 
Lead Temperature (1/16” from case for 10 sec.)...... 300°C 
Operating. Temperature Range........ —55° to+150°C 


[PARAMETER __[soz10] bz [sbz [UNIT | 
Tse Sourceso-ibavate | +16 | 15 | 425_| vee 
es Gectomuee sa [20 [a0 [Vee 
a0 [20 | 200 | vac 

[a0 [vee 


of 
a. 
Oo 


Gate-to-substrate + 


TEST CONDITIONS 


Switching 


TO SCOPE +Vpp 


VouT TO 


SCOPE Input pulse: td, tr< ins 
VIN Pulse width = 100ns 
Rep rate = 1MHz 


BENEFITS 


e Ultra low feedback capacitance 


(0.30 pF) 


e High switching speeds (<1ns) 
e Gate can accept + 40V 


TO-72 


See Section 6 


s 


ar 
co 


D 


Qo 
(o>) 


Typical Switching Waveform 


ra | ie 


“tOFF is dependent on RL and CL and does not depend on the device characteristics. 


51 SAMPLING SCOPE 
tr<360ps 
= RIN = 1M 
CIN =2.0pF 
2-80 Siliconix 


DC ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified. ) 


$D210 $D212 $D214 
NIT 


Breakdown voltage 
BVps Drain-to-source 


Ves =Ves=OV, Ip = 10uA 
VGs=Ves=—5V, Ig =10nA 


2 BVsp Source-to-drain VGp=VBp=—5V 
Ip=10nA 
) V 
| 3 BVpB Drain-to-substrate VGp =OV, source OPEN 25 
| Ip=10nA ’ 
: 4 BVsp Source-to-substrate VGB=OV, drain OPEN | 
Ig =10yA 
Leakage current | 
5 | g| Ips (OFF) Drain-to-source | 
T 
r 
T 
6 . Isp (OFF) Source-to-drain VGp = Vap=—5V 


Vsp = +10V 
Vsp =t20V 


7 IGBS Gate VpB = Vsp =0V 
VGp= +40V 0.1 

8 VT Threshold voltage Vps =VGs= Vt. Ig =1HA 0.1 1.0 2.0 | 
Vsp=0V ¥ 


Jqvicags jsdgzcicas j3Adoicas 


9 rps (ON) Drain-to-source Ip=1.0mA, Vsp =0 
resistance | Ves=t5V 50 70 50 8670 50 70 
VGs=+t10V 30 45 30 «45 30 45 
VGg=t15V 23 23 * 
Ves =+20V 19 19 19 
Vgs = +25V 17 17 


~_ 
ba | 


AC ELECTRICAL CHARACTERISTICS 


PARAMETER 
gfs Forward trans- Vps = 10V, Vgp=0V 
conductance Ip =20mA, f= 1kHz 


Small Signal Capacitances Vps = 10V, f= 1MHz 
(See capacitance model) Ves = Ves =—15V 


C(GS+GD+GB) Gate node 


ce ee ee ee ee 
ae ee Mee ee 
Co ir ee Ee ee eee 


QO-S£rP2<o 


Siliconix 2-81 


SD211DE SD213DE SD215DE 


n-channel DMOS FETs 


Designed for Military and Industrial Applications .. . 


mu High-Speed Switching 
= Analog Switch 

a Multiplexer 

a Digital Switch 

= Ato D Converters 

m D to A Converters 

m Choppers 

= Sample and Hold 


ABSOLUTE MAXIMUM RATINGS (°C) 


Drain’ -CUn6Nt s<<,00%. 064 os exter eeidsa eek Bette aa 5OmA 
Total Device Dissipation at 25°C 

Case Temperature......... 00. c cece eee eee eee 1.2W 
Storage Temperature Range............. —65° to +200°C 
Lead Temperature (1/16” from case for 10sec.)...... 300°C 
Operating Temperature Range........ —55° to+150°C 


[PARAMETER [sat [sz [soaie [UNTT_ 


—15 —15 —25 
VGs ___ Gate-to-source +25 +95 +30 
-0.3 | -0.3 | —0.3 
+25 +25 +30 
—30 —15 —25 


TEST CONDITIONS 


Gate-to-substrate 


Switching 


TO SCOPE +VppD 


VouT TO 
SCOPE Input pulse: td, tr< ins 
VIN Pulse width = 100ns 
Rep rate = 1MHz 


BENEFITS 


e Ultra low feedback capacitance 
(0.30 pF) 


_ @ High switching speeds (<1ns) 


e Diode protected gate 


TO-72 


See Section & 


7) 
io) 


Typical Switching Waveform 


ai 


1.0 


*tOFF is dependent on Ri and CL and does not depend on the davies characteristics. 


51 SAMPLING SCOPE 
tr<360ps 
= RIN = 1M 
CIN = 2.0pF 
2-82 Siliconix 


DC ELECTRICAL CHARACTERISTICS (Ta = 25°C unless otherwise specified. ) 


$D211 $D213 $D215 
UNIT 
PARAMETER TEST CONDITIONS Min Typ Max|Min Typ Max 


Breakdown voltage 
BVps Drain-to-source 


VG6s=Ves=OV, Ip =10yuA 
VGs=Ves=—5V, Ig = 10nA 


Vgp = +20V 


2 BVsp Source-to-drain VGp=VBep=—5V 20 
Ip=10nA 
V 
3 BVpB Drain-to-substrate VGB=O0V, source OPEN 25 
Ip=10nA 
4 BVsp Source-to-substrate VGB=O0V, drain OPEN 
Ig =10puA 
Leakage current 
5 Ips (OFF) Drain-to-source Ves =VsBs=—5V 
Ss Vps =+10V 
| Vps=+20V nA 
6 i Isp (OFF) Source-to-drain 


VpB = VsB=0V 
VGB=t25V 


7 IGBS Gate 

VGB=+t30V 
8 VT Threshold voltage Vps=VG6s=VT. Is=1HA 

Vsp=0V i 


9 rps (ON) Drain-to-source Ip=1.0mA, Vsp=0 
resistance Ves=t5V 50 70 50 8670 70 
VGs=t10V 30 45 30 45 45 


50 
30 
Vgg =tt15V 23 23 23 
VGs = +20V 19 19 19 

17 


Vgs =+25V 


AC ELECTRICAL CHARACTERISTICS 


PARAMETER 


gfs Forward trans- 
conductance 


Small Signal Capacitances 
(See capacitance model) 


Vos = 10V, Vgp =0V 
Ip =20mA, f= 1kHz 


Vps = 10V, f= 1MHz 
VGs=VBps=—15V 


C(GS+GD+GB) Gate node 


pF 


QO-Sp2<o 


Siliconix 2-83 


JGSic?GS AGELCGS AGLIcas 


| 
: 


U200 U201 U202 


n-channel JFETs | a: 


Siliconix 


designed for a es ie Performance Curves NCA 


See Section 4 


= Analog Switches | BENEFITS 
@ Low Insertion Loss 
= Commutators DS(on) < BO 2 (U202) 


@ Good Off-lIsolation 
ID(off) <1nA 


m= Choppers 


TO-18 


ohm | VGs=0, Ip =0 f= 1kHz 
Vps = 20 V, Ves = 0 
f= 1 MHz 
Vps =0.VGgs=-12V 


NOTE: NCA 
1. Pulse test required, pulsewidth = 300 psec, duty cycle < 3%. 


Cc Common-Source Reverse Transfer 
rss Capacitance 


ABSOLUTE MAXIMUM RATINGS (25°C) See Section 6 
Gate-Drain or Gate-Source Voltage ...... eer -30 V 
Gate CUMENE i bce eh cateda wba da e-em 50 mA | 
Total Device Dissipation at 25°C Case Temperature | 
(Derate 10 MW/°C) .... 22. cee ee eee 1.8W D 
Storage Temperature Range.............. -65 to +200°C 
Lead Temperature | - ae 
(1/16” from case for 10 seconds).............. 300°C - s pe Sas 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
Characteristic eee ae Test Conditions 
1 a ee eae ee ae 
3] $[BVGss__Gate-Source Breakdown Voltage | -30| | -30|__—| -30| | | | tg=-1 ua, Vps=0 
4] A[vesiot Gnt-Souce coottvoroxe [08] 3)-1s[ 8] 25] 0] Y [Vos=20v.10=1000_ 
5 : ID (off) Drain Cutoff Current ae Sr ee Re ee tle Vps = 10 V, VG6s =-12V | = 
ee es es a a a 150°C 
| few vnmomonmooen | | =| w[ =| @| | ae] vormvvere 
ae eee 
Te] [= 


7 rds(on) - Drain-Source ON Resistance 
D 
Y 
N 


Cc: Common-Source Input 30 
ee __ Capacitance (Note 1) 


no) 
wn 


2-84 Siliconix 


monolithic dual | | 
n-channel JFETS 
designed for ... iy laa 


= Differential Amplifiers BENEFITS 
| ® Good Matching Characteristics 


TO-71 
See Section 6 


ABSOLUTE MAXIMUM RATINGS (25°C) D190 Obd2 
Gate-Drain or Gate-Source Voltage ............00. -50 V Gy Go 
Gate Current ....... seo es asset tay Se eld ah eras Sean 50 mA 

. «oe . $10 .OS9 


Total Device Dissipation at'25°C 


SETN VETN EEZN ZETN LEzN 


(Derate 1.7 mW/°C to 200°C) ......... wa... 300 mW 
Storage Temperature Range.............. -65 to +200°C 
Lead Temperature 
(1/16” from case for 10 seconds) ...........005: 300°C az | 2 


Bottom View | 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic | omin | Max | Test Conditions 


1 eee oe 
IGss Gate Reverse Current VGgs = -30 V, Vps = 0 ™ 
2 a 150°C 
3] S| BVGgss  Gate-Source Breakdown Voltage Ig =-1 uA, Vps = 90 
4 VGS(off) _Gate-Source Cutoff Voltage PP ae V Vos =20V,Ip=1nA 
51/7] VGs Gate-Source Voltage : 
| = 
VpG = 20 V, Ip = 200 vA 
6) CI Ig Gate Operating Current BS se . 


125°C 


7 Ipss Saturation Drain Current (Note 1) | 05 [| 50 | ma | Vps = 20 V, Ves = 0 ; 
f= 1 kHz | 
8 Ofs Common-Source Forward Tisecondusioncs (Note 1) So Vps= 20 V,VGs=90 
f = 100 MHz : 


9 He fs Common-Source Forward Transconductance (Note 1) | 600 | 1600 | umho vests 2007. Ip 200A 20 V, Ip = 200 uA 
10 | yy] Jos Common-Source Output Conductance | aaa eee f=1kHz 
11 - Common-Source Output Conductance Bae Eee 
iz! cea cononisoiteel nmecmetane: ea ae 
13] ¢ fox Sennen Senet Tee Gersene FTF ere | | 


ee 


15| | ligi-ig2! Differential Gate Current | 10 | 10 | 10 | 10 | 10 | nA |[Vpg= 20V,Ip=200uA | 125°C | 
(lossi-IDSS2) Saturation Drain Current | 
16 ped = Ae A 10 % Vps = 20 V, Ves =0 
Ipssi Match (Note 1) . DS GS . | 
M x Differential Gate-Source ie 
17 1, | VGst-Yes2!  Vottage 15 | 20 | 25 mV 


A\Vgs1-VGsa! Gate-Source Voltage 


TaA= 25°C 
Tp = 125°C 


Ta =-55C 
VpG = 20 V, Ip = 200 vA Tg = 25°C 


G 
20 (9¢51-9fs2) Transconductance Match 
(Note 1) 
Sfs1 f= 1 kHz 
Differential Output 


NOTES: 
1. Pulse test required, pulsewidth = 300 us, duty cycle < 3%. NOP 
2. Measured at end points, Ta and Tg. 


AT Differential Drift (Note 2) uv/'C 


2-roc4 


Siliconix 2-85 


U257 


matched dual  _— ,,5,, 
n-channel JFET OO 
designed for... "xiscciemcuves aro, me 


BENEFITS 


= Wideband Differential | | | 
e High Gain through 100 MHz 


oge 
mplifiers tf 
A P 9fs = 4500 umho Minimum 
e Matching Characteristics Specified 
; TO-78 
ABSOLUTE MAXIMUM RATINGS (25°C) See Section 6 
Gate-Drain or Gate-Source Voltage ............... -25 V D10 Od» 
Gate CUMENE 6. ccbicdshrushaberaeiver et meee acne 50 mA 
Device Dissipation (Each Side), Tq = 85°C Gy G2 
(Derate 3.85 MW/°C).. 1... cece eee 250 mW 10 Os 
Total Device Dissipation, Ta = 85°C 
(Derate 7.7 mW/°C)...........65. Jaiceruiedsas: 500 mw 
Storage Temperature Range...... weeeee. “65 to + 200°C 
Lead Temperature | . ; 
; 1 
(1/16 from case for 10 seconds) ............... 300°C Bottom View 
ELECTRICAL CHARACTERISTICS (25° unless otherwise noted) 
Characteristic Test Conditions 
4 |i Gate R aa - 
GSS ate Reverse Current V6s=-15V, Vps=0 > 
aa oo Ses A ie 150°C 
3 AlBVGss __Gate-Source Breakdown Voltage BVGss Gate-Source Breakdown Voltage Ig =-1HA, Vpsg = 0 
4] 11} VGSloff) Gate-Source Cutoff Voltage a Vps=10V,iIp=1nA 
5 : Ipss Saturation Drain Current (Note 1) =a Vps = 10 V, Ves =0 
6 Ofs Common-Source Forward Transconductance | 4500 { 10,000 | f = 1 kHz 
7 Common-Source Forward Tran ductanc 4500 G60 f = 100 MH 
81 Y 1] gos Common-Source Output Conductance | | 200 | f=1kHz 
9 NE Sos | Common-Source Output Conductance FF 200 | f = 100 MHz 
M| Ciss 4 ere er are oer 
11} c] Crss Common-Source Reverse Transfer Capacitance 


| 
13 = Saturation Drain Current Ratio (Notes 1 and 2) <i Vps = 10V, VGs= 0 
14 | Mgsi-Vasal Differential GateSource Voltage | Differential Gate-Source Voltage | Wgsi-Vasa! Differential GateSource Voltage =f | 100 |v 


Sfs1 

15 a ceabat Transconductance Ratio (Note 2) “]os f 1] | VpG=10V,Ip=5mA 

fs2 

N S 1 £=1kHz 
16 Hldost-Sos2!__Differential Output Conductance =| Differential Output Conductance Hldost-Bog9!___ Differential Output Conductance =| | 20 | umho | 


‘NOTES: NZF-D, NNZ 
1. Pulse test required, pulse width = 300 us, duty cycle < 30%. 
2. Assumes smaller value in numerator. 


2-86 Siliconix 


n-channel JFETS jg  ,5. 
designed for ae. de Performance Curves NVA 


See Section 4 


L6ZN 06zN 


= Analog Switches BENEFITS: 

e Ultra-Low Insertion Loss 
= Commutators DS(on) <3.000 (U290) 
= Choppers ° High Off-isolation 


ID(off) <1 nA 


ABSOLUTE MAXIMUM RATINGS (25°C) 


TO-52 
Reverse Gate-Drain or Gate-Source Voltage......... -30 V See Section 6 
Gate: CuLPent, boo sc rdstng aoe eave Ba ee aaa A ae ees 100 mA 
Drain CUMCNL 2244 cinwne once cee end eeauee % 15A 
Total Device Dissipation at 25°C 

Free-Air Temperature (Note 1).............. . 500 mW D 
Storage Temperature Range.............. -65 to +200°C 
Lead Temperature : 

(1/16” from case for 10 seconds).............. 300°C s 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic Test Conditions 


= 


I a 180°C 
C | VpS(on) Drain-Source ON Voltage | mv | VGS = 0,Ip=10mA 


Saturation Drain Current 
| [ess a Clee cee re 


Static Drain-Source ON 
10 - "ds(on) Drain-Source ON Resistance 3.0 =e ee eR V6s =0,Ip=0 f=1kHz 
11 ‘ CsGO Source-Gate OFF Capacitance a ; Vsc = 15 V, Ip =0 ; 
12 M CpGo Drain-Gate OFF Capacitance ee Eee pF VpG = 15V, Is =0 . f= 1MHz 


: Se 


NOTES: NVA 


1. Derate linearly at the rate of 4.0 mW/°C. 
2. Pulse test required pulsewidth 300 us, duty cycle < 3%. 


SPOT OLS | wpM]— 


Siliconix 2-87 


ven tee ee Toren 


U304 USO5 U306 


p-channel JFETs. 
designed for... 


‘@ Analog Switches | 
‘= Commutators 
m= Choppers. 


ABSOLUTE MAXIMUM RATINGS (25°C) 


| Reverse Gate-Drain or Gate-Source Voltage (Note 1).. 30V 


Gate CUNENE J ainidakGecanneawd eset eeowagaes 00 MA 
| Total Device Dissipation, Free-Air oe 
(Derate 2.8: MW/'C) oi.t0 sas ces ecawareiiwees - 350 mW 
Storage Temperature Range.............. -65 to +200°C 
Lead Temperature 
(1/16” from case for 60 spends) earn’ ‘seus. 300°C 


Ss 
Siliconix 
Performance Curves PSA 


See Section 4 


BENEFITS © 

@ Low Insertion Loss | 
(DS(on) < 85 Q (U304) 

® High Off-lsolation © 
ID(off) < 500 pA 


TO-18 
See Section 6 


/- ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


U304 U305 U306 fine 
ni 
[i [we [iti [wi [ti [Mos 


Test Conditions 


150°C 


150°C 


1 ce 
. Gate Reverse Current _ V6s =20V, Vps=0 
aa BVGSs - “ Gate-Source Breakdown Voltage Ig = THA, Vps=0 
4} | Vps =-15 V, Ip =-1HA 
T VGs = 0, Ip =-15 mA (U304), 
5) A Vision) Drain-Source ON Voltage ‘Ip = -7 mA (U305), 
tL Ip=-3mA eee 
mat 
7 | Vps =-15 V, Vs = 12 V (U304), 
ID(off) Drain Cutoff Current VGs=7 V (U305), 
8 V6s=5V(U306) 
9 rDS{on) Static Drain- Source ON Resistance Pe oe V6és=0V,ip=-1mA 
10 | Ids(on) Drain Source ON Resistance a ee ee V6s =0V,Ip =0 f= 1 kHz 


“H] p [cis CommonSouree input Canactance |__| 27 | | 27 | | 27 
Scacae 


i {cr a 


Common-Source Reverse Transfer 


Crs i 
oe Capacitance 


dai he td(on) sans Bie Delay Time 


Turn-OFE Delay Time. 


15. a 


‘Vps =-15V, VGs= 0 


Vps = 0, Vgg = 12 V (U304) 
VGs=7 V (U305), 
Ves = 5 V (U306) 


| sf 304 | u305 | u306 
Hon ee -6V_ 
ves) av [| 7v] sv 
esi 


f= 1MHz- 


Fall Time =< VGS(o eee ie 2] 0 
Dion) [FISmA | -7ma | Sma 


NOTES: 
/ 1. Due to symmetrical geometry these units may be operated with 
source and drain leads interchanged. 
2. Pulse test pulsewidth = 300 us, duty cycle < 3%. 


2-88 Siliconix 


PSA 


n-channel JFETs 


designed for... 


= VHF Amplifiers 


= Front End High Sensitivity 
Amplifiers 


m Oscillators 
= Mixers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage ............... -25 V 
Gate GC WONT eich re ern ch eis ee ee cs SS ee 20 mA 
Total Power Dissipation at TA = 25°C .......... 500 mW 
Power Derating to 150°C .................. 4.0 mW/°C 
Storage Temperature Range.............. -65 to +!200°C 
Lead Temperature . 
(1/16 from case for 10 seconds) .............. 300°C 


15 


Performance Curves NZA 
See Section 4 


BENEFITS 


@ Industry Standard 
@ High Power Gain | 
16 dB at 105 MHz, Common-Gate > 
11 dB at 450 MHz, Sout: Gate 
@ Low Noise 
2.7 dB Noise Figure at 450 MHz 
@ Wide Dynamic Range 
Greater than 100 dB 


@ 75 {2 Input Match Common Gate 


TO-52 
See Section 6 


o 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


| 
a 
o 
a 
o 
o 
se] 
> 
< 
G) 
n” 
! 
as 
ol 
< 


Ioss Gate Reverse Current 


Ww 


4 : VGS(off) Gate-Source Cutoff Voltage 
I 


Saturation Drain Current 
51 C 


IDSs (Note 1) 


Gate-Source Forward 
G VGsif) Voltage 


j Common-Gate Forward 
Transconductance (Note 1) 


9 Al Gag _Drain-Gatecaraciance | eee Drain-Gate Capacitance 


r (oo oo oo 


11 Equivalent Short Circuit 10 ar Vps=10V, 
Input Noise Voltage Ip =10mA 


2 
Gate-Source Breakdown 
‘loos ne See eceek 
cm fro] | 40 


ccecee 

eatery acca 
De cos coe 

Coma 


Ta= 125°C 
Ig =-1 vA, Vps = 0 


Vps =10V,Ip=1nA 


Vps = 10 V, Ves = 9 


walas 


f = 100 Hz 


12 Common- Gate Forward f = 105 MHz 
E fame Pe Pt (= 950 MH 
14 - Common-Gate Output a eae ae ee a ee mmho 2108 Mhz 
PS Conductance | fos2} | ft os2] Tosa] f= 450 MHz 
16 Common-Gate Power ES TS f = 105 MHz 
1 Gain (Note 2) Fo] nf | sof ef | sof ve] (= 450 Mi 
: emer pepe pata fae 
19 2.7| 3.5 2.7} 3.5 2.7) 3.5 f = 450 MHz 
NOTES: NZA 


1. Pulse test duration = 2 ms. 
2. Gain (Gpg) measured at optimum input noise match. 


Siliconix 


2-89 


Olen 60EN SOEN 


SalaaS SOEP LNITIVAINGS SILSV 1d 


U311 


PREFERRED PART U310 


n-channel JFET 


designed for... 
= VHF Amplifiers 


g@ Oscillators 


ea Mixers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-2rain cr Gate-Source Voltage ............... -25 V 
Gate CULICAE ats ceed waht Aare Een athe bod 10 mA 
Total Device Dissipation (Derate 1.7 mW/°C) ..... 300 mW 


Storage Temperature Range....... jlstes , -65 to +200°C 
Lead Temperature 
(1/16” from case for 10 seconds) 


Siliconix 


Performance Curves NZA 
See Section 4 


BENEFITS 


@ High Power Gain 
16 dB Typ @ 105 MHz, Common: 
Gate 
11 dB Typ @ 450 MHz, Common- 
Gate 

@ Low Noise Figure 
1.5 dB Typ @ 105 MHz 
2.7 dB Typ @ 450 MHz 

@ Wide Dynamic Range—Greater than 

100 dB 


TO-72 
See Section 6 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


IGss Gate Reverse Current 


pl MB AI) Mac dee La Ba? 


VGS(f) | Gate-Source Forward Voltage 


10 


NOTE: 
1. Pulse test duration = 2 ms. 


2-90 


Jog Common-Gate Output Conductance a oe ae 
= Gate-Drain Capacitance roe 


ae mee 
: 
i 
[es Gwesowenconcimne ———SSC«dSi sf 


Siliconix 


en a Saas 

S 

- BVGss  Gate-Source Breakdown Voltage a ee 
i: VGSl(off) Gate-Source Cutoff Voltage a eo es 
C! tpss Saturation Drain Current (Note 1) 1} — 


150°C 
Ig =-1uA, Vps = 0 
Vps=10V,Ip=1nA 


| vo fig=tma, Vps =0 


i ener If = 1 kHz 
VpG=10V,Ip=5mA if = 1 MHz 


n-channel JFETs 5, 
designed for te | edly ho aa a NIP 


See Section 


m= VHF Buffer Amplifiers BENEFITS 


ge ® High Gain , 
a IF Amplifiers | gfs = 120,000 umho Typical 
®@ Wide Dynamic Range 7s 


@ Low Intermodulation Distortion 


TO-39 


ABSOLUTE MAXIMUM RATINGS (25°C) — foe 
Gate-Drain or Gate-Source Voltage................ =25. V 
Gate CURE t y :ici-axe4 d-Gate ace aves Ga: BAe Seed 100 mA | 
Total Device Dissipation (25°C Case Temperature)...... 3 W ! 
Power Derating (to 150°C) ................5. 24 mw/°C | 
Storage Temperature Range .............. —55 to +150°C p | 
Operating Temperature Range............. —55 to +150°C : 
Lead Temperature : es 

(1/16” from case for 10 seconds) ............... 300°C s § D 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


SOUOS ZEYSNZ UPd Pollejeld ZEN LZEN OZEN 


Test Conditions 


VG6s=-15V, Vps=0V 
[Vos -18v,Yos=0V Fo 


Vos =5V,Ip=1mA 
Ig = -1uA, Vps =O V 
Vos =15V,VGgs=O0V 
ig =1mA, Vps=0V 
V6s=0V,Ip=10mA 


fe 
ey 
| -25| 
el 
ee 


Characteristic — = fe 7 

IGss Gate Reverse Current (Note 1) oa 
P=? 

| 100 | 


VGS(off) Gate-Source Cutoff Voltage 
BVGss Gate-Source Breakdown Voltage 


— 


Ipss Saturation Drain Current (Note 2 


VGS(f) Gate-Source Forward Voltage 


Roo! 
a a 
me 

DS(on) Drain-Source ON Resistance ft E10 | 

i 


BIl=] S| ol ow 
O1oO/ o | Oo 
5 afe7ig g 


Common-Source Input 
Capacitance 


Common-Source Reverse 
Transfer Capacitance 


VGs =-10 V, Vps = 0 V | f=1 MHz 


VG6s=-10V, Ip =0 
VGp =-10 V, is =0 


Vpos=5V,Ip=10mA j{f=1kHz 


Gate-Source Capacitance 

Gate-Drain Capacitance 

nV 
Hz 


_ Equivalent Short Circuit 
en Input Noise Voltage 


Sfg Common Gate Forward 
Transconductance 


Commen-Gate Input 
Conductance 


Common-Gate Output 
Gog Conductance | fos | 
eee Ee 
| | 400 
= 


VpG = 20 V, Ip = 25 mA| f = 50 MHz 


@) 


nN aad 


Power Gain (Note 3) 
Gain-Bandwidth (Note 4) 
Noise Figure (Note 3) 


z | Vps=15V,VGs5=0V 


VpG = 20 V, Ip = 25 mA | f = 30 MHz 


NOTES: NIP 
1. Approximately doubles for every 10°C increase in TA. 

2. Pulse test duration = 2 ms. 

3. Noise figure (SSB) and power gain measured in circuit shown in Figure 1. 

4. Computed as gfs/Crss. 


3 
= tds 
ro) 


Siliconix 2-91 


U403 U404 U405 U406 


U401 U402 


monolithic dual 
n-channel JFETs 
designed for... 


m Low Noise FET Input 
Amplifiers 


m Low and Medium Frequency 
Amplifiers 
= Impedance Converters 


= Precision Instrumentation 
Amplifiers 


‘= Comparators 
ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage . . 5OV 
Forward Gate Current. . . ....... . +. 10mA 
Device Dissipation (each side) 

@ Ta = 85°C derate 2.6 mW/°C 300 mW 
Total bbvice Dissipation 

@ Ta = 85°C (derate 5 mW/°C) 500 mW 


Storage Temperature Range — " 65 to 200°C 


Siliconix. 
Performance Curves NNR 
See Section 4 


BENEFITS 


@ Minimum System Error and Calibra- 
tion 
5 mV Offset Maximum (U401) 
95 dB Minimum CMRR (U401-04) 
@ Low Drift with Temperature 
10 uV/°C Maximum (U401, 02) 
@ Operates from Low Power Supply 
Voltages 
VGS(off) < 2-5 V 
® Simplifies Amplifier Design 
Output Conductance < 2 umho 
@ Low Noise 
@y = 6 NVA/Hz at 10 Hz Typical 


TO-71 
See Section 6 
Dy 
G4 G2 
$4 S2 


Characteristic me Test Conditions 
1 ' 
| Min | Max [Min | Max [Min | Max [Min | Max | Min | Max | Min | Max 
1 BV Gate-Source Breakdown 
GSS Voltage Vos * 0, IG =-1HA 
2 \ Gate Reverse Current 5 
GSS (Note 1) c ; Vps = 0, Veg = -30V 
: ; Gate-Source Cutoff 
31] Vastoff) Voltage Dance eeocee cn {eee 
Hl Gate-So . 
jate-Source 
lel voson oem fff tes} fast [23] [23] [22] | voor utes 
; 
Saturation Drain Current 
5 || toss (Note 2) ale afer oll sll alel ofoe | = Vps~ 10. Vas=0 
pf as] | 5 | pe fey — Vassiew 
Ig Gate Current (Note 1) dG” 
ee ae ip=200ua | Ta= 128% 


Gate-Gate Breakdown 


a BVG1- G2 Voltage 


fhe | fase 


ek 


Common-Source Forward 1000 2000 | 1000 | 
Transconductance 
Common-Source Output 

; Coriductance 


Common-Source Input 


Iss Capacitance 
14 Common-Source Reverse 
Crss Transfer Capacitance 
Equivalent Short-Circuit 
15 
Input Noise Voltage 
Common-Mode Rejection 
16 CMRR Ratio (Note 3) 


r 
all Ab Gate- Source 
a Kl 'Yas1 - Vesa! Voltage 


1 


w nN 


Pa 


eo 


~ 


M 
18 bs “ast —Vase Veseal  Gate-Source Voltage Differ- uvPec Vpg = 10V, 
ential Drift (Note 4). Ip = 200 uA 


NOTES: 


Pa bal bet pepe vse 8s 
9 Common-Source Forward 7000 7000 7000 7000 7000 7000 
Transconductance (Note 2) 
Common-Source Output 


f=1kHz 
umho 
1000 2000, 

f= 1kHz 

Sm VpG= i15V, 

Ip = 200 pA 
f= 1MHz 
f= 10 Hz 


VoG = 10 to 20 V, Ip = 200 nA 
Voc = 10 V, Ip = 200 uA 


= -§5°C, igs +25°C. 
- +125°C 


1. Approximately doubles for every 10°C increase in Ta. 2. Pulse test duration = 300 us; duty cycle < 3%. 3. CMRR = 20logi9 [awaeeaes| ,AVpp = 10 V. NNR 


4. Measured at end points, Ta, Tg and Tc. 


2-92 Siliconix 


Gs1-VGsal 


5 


Siliconix 


monolithic dual 
n-channel JFETs 


designed for és: sete Performance Curves NQP 


See Section 4 


= FET Input Amplifiers BENEFITS 
H @ Low Cost 
a Low and Medium Frequency @ Minimum System Error and Calibration 
Amplifiers | 10 mV Offset Maximum (U410) 
ah se | é @ Low Drift with Temperature 
= Precision Instrumentation 10 uV/°C Maximum (U410) 
Ampl ifiers © Simplifies Amplifier Design 
z C Low Output Conductance 
omparators eae 
See Section 6 
ABSOLUTE MAXIMUM RATINGS (25°C) Te 
Gate-To-Gate Voltage ........ 0... eee ee ee ees +40 V Gy G2 
Gate-Drain or Gate-Source Voltage ............... -40 V 
Gate Gurrents) i044 24.0- oe yk eared haere Bankes 50 mA $1 S2 
Total Package Dissipation (25°C Free-Air) ........ 375 mW 
Power Deratingy <1 c4da4ckees veRa a eens 3.0 mW/°C 
Storage Temperature Range .............. —65 to +150°C 
Lead Temperature (1/16” from case for 10 seconds) . .300°C 
Dy 3 i ies Do Go 


Bottom View 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
Characteristic — Unit Test Conditions 


Gate Reverse Current | e 4 7 ars 
fecha ie 


Gate-Source Cutoff 


do 
roa) 


json alee] [ae], Peeve 
T Gate-Source Breakdown - _ 

3} |BVGss Voltage ~40 ~40 Vps=0V, IG =-1HA 
T 
| Saturation Drain Current =2 Ve6s=0V 


5 Gate Current (Note 1) -200 ar es | 200 | 
VpG = 20 V, Ip = 200 vA 
a EI SOE Me 


u Common'Source Forward [1,000] |4,000|1,000| _|4,000|1,000] [4,000 | 
3} | Trarsconductance_[00__[1.200[ 600] [1.200] 600] [1.200 
ap ca acu pe Ola 2 See eM 
i i. i Conductanc a aa Oa a 


Common- Source Input 
Vps=20V,VGs=0V 
12 A Cc Common-Source Reverse 12 12 1.2 
rss Transfer Capacitance 
Equivalent Short-Circuit 50 0 Vos = 20 V, Ip = 200 pA | f = 100 Hz 
ff | 
en 


c |4!VGs1-VGs2! Gate-Source 
Ei “AT Differential Drift (Note 3) 10 25 uV/P°C 
N Common- Mode Rejection 


[o>) 


VpG = 20 V, Ip = 200 nA 
Ta = 25°C to Tg = 85 C 

Vpp = 10 V to Vpp = 20 V 
Ip = 200 vA 


NOTES: NOP 
1. Approximately doubles for every 10°C increase in TA. AVpp 

2. Pulse test duration = 300 psec; duty cycle < 3%. 4. CMRR = 20logi9 pa » AVDD = 10 V. 

3. Measured at end points, Ta and Tg. AlVgs1-Vesa! 


Siliconix 9-93 


SLON LLYN OLON 


U421 U422 U423 U424 U425 U426 


monolithic dual SF, 
n-channel JFETs = scscaorcs 


e d f BENEFITS 
designe or eee e High Input Impedance 
. Iq = 0.25 pA Maximum (U421-3) 
m Very High Input Impedance : ea Gain gt i ee Minimum @ 
e e ege D a 30 PR. 4 1- ) 
Differential Amplifiers si’carPower Supply Opetalion 
VGS(off) = 2 V Maximum (U421-3) 
Electrometers | e Mintenain Busia Error and Calibration 
10 mV Maximum Offset _ 
= Impedance Converters 90 dB Minimum CMRR (U421, U424) 
ABSOLUTE MAXIMUM RATINGS (25°C) ee 
Gate-to-Gate Voltage ...............000e. Loess +40 V PiP Po2 
Gate-Drain or Gate-Source Voltage ........... -40 V ies: - 
Gate Current ..... s seui alin ch un cine fe Wiarnnae aN eae 10 mA 
Device Dissipation (Each Side), Ta = 25°C $10 O82 
(Derate 3.2 mW/°C to 150°C) ............. 400 mW 
Total Device Dissipation, Ta = 25°C 
(Derate 6.0 mW/°C to 150°C) ........ wee. 150 MW 
Storage Temperature Range........ -65°C to +150°C 


Characteristic | ua2s U424-6 


| |-40]-60] | ye qlee ete Voss 
Pfaol [ | [ice tunipsaigne 
EE ee eae ee eee 


Test Conditions 


ood 


BVgss _ Gate-Source Breakdown Voltage 


2 BVG1G2 Gate-Gate Breakdown Voltage ja] | 
3181 less Gate Reverse Current (Note 1) a 
T | on ee 


ro} | [30] na] T= +125°C | 
t , ee ee 
[f= _eomsoneren FFs ET PS o- 
Cc VGsi(oft) Gate-Source Cutoff Voltage -0.4| |-20|-04]  |-3.0 - Vps = 10V, Ip =1nA 
[ves Gresowenvorwe || aa} | fae] | vpg=0viip=a0un 


5 
6 
7| [toss sitwaiondraincurene | | foo eo | foo] oa_| vos t0v. vos 0 
8 
9 


Ofs Common-Source Forward Transconductance f300 | ft 500] 300 | 11500 5 
ue 
Sos Common-Source Output Conductance Pot 60) 3) BO 


f= 1 kHz 
Vps = 10 V, Veg =0 
ie 
10 Cc; Common-Source Input Capacitance 3.0 3.0 
4 iss 
N e pF f=1MHz 
Wal Crss Common-Source Reverse Transfer Capacitance ol 
12 . Ofs Common-Source Forward Transconductance 1120 | 350]120] | 350 Ww poe ie 
13| © Sos Common-Source Output Conductance | ff sof | |3.0 
Vong = 10V, Ip = 30 uA 
14 = Equivalent Short Circuit Input | = 20{ 70] | 20] 701 VA/Hz D f=10Hz 
Noise Voltage Lae Sa a f= 1 KH? 
Fe hee iE Uae a aaa manne lee 


Characteristic ee | _ua22,5 | U423,6 Test Conditions 


Min | [Min | Typ | Max] Min | Typ | Max} Unit 
ml \YGs1~- Vasal Differential Gate-Source Voltage = | 15] | | 25] mv | VpG = 10V, lp = 30KuA 
ae . IVesi1- Ve6sal Differential Gate-Source Voltage 10 
Cc AT Change With Temperature(Note 2) 


VpG = 10 V, Ip = 30 nA, 
* | | fo “ae Ta = -55°C, Tg = 25°C, Tce = 125°C 
H 
18 CMRR Common Mode Rejection Ratio ee po a 
(Note 3) 


NOTES: AVep 
1. Approximately doubles for every 10°C increase in Ty. 3. CMRR = 20l0g919 AlVGsi—Vasal 
2. Measured at end points Ta, Tg and Tc. : 


, AVpp = 10V. NNT 


4. Case lead not connected. 
2-94 Siliconix 


monolithic dual iD 
n-channel JFETs Stsuse""™ 
designed for... 7 


e High Input Impedance 
m Very High Input Impedance ° High Gain gf, = 120 umho Minimum @ 


Sz~n Lzun 


Ig = 5 pA (U427) 


Differential Amplifiers Ip = 30 uA ; 
e Low Power Supply Operation 
Electrometers | Vasiott) = 2 V Maximum (U427) 
e Minimum System Error and Calibration 
m Impedance Converters 25 mV Maximum Offset 
ABSOLUTE MAXIMUM RATINGS (25°C) TO-78 3 
See Section 6 | 
Gate-to-Gate Voltage . ... : «oe S@ # me a 240V P : | 
Gate-Drain or Gate-Source Voltage tee ee we) 640 V ; 7 
Gate Current .. . .. . 10mA Gy G2 | 
Device Dissipation (Each Side), ee 25° C 
(Derate 3.2 mW/°C to 150°C). . . . . . . 400 mW alii 
Total Device Dissipation, Ta = 25°C 


(Derate 6.0 mW/°C to 150°C). . . . . . .) )=©750 mw 
Storage Temperature Range .... . .. -65to+150°C 


$4 Cc 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 8ottom View 


Characteristic U427 | ua2e Test Conditions 


BVcss Gate-Source Breakdown Voltage ofreo| focal Ig =-1uA, Vpg=0 


> 


2 BVGiG2 Gate-Gate Breakdown Voltage fsaot | [eo] | | - Ig =-1HA, Ip = 0, Is =0 
3 loss Gate Reverse Current (Note 1) a ie ee ee T= +25" c VcGs = -20 V, Vps = 0 


u jt 8 | nA | T= +128°C | 
4ajTl y Gate Operating Current (Note 1) oe ee ee ee ee V 10 V, In = 30 uA 
1| 8 gre fn eS re ae eae 


Cc 
5 VGS(oft) Gate-Source Cutoff Voltage -0.4}  |-20f-04} — |-3.0 Vps = 10 V, Ip =1nA 
6 Vc6s Gate-Source Voltage ae ae er ee ee Vpog = 10V, Ip =30uA 
7 Ipss Saturation Drain Current | co | — frooo| 6o| —_ fa0o| uA Vps= 10 V, Vgg=0 


w jo 


8 Common-Source Forward Transconductance 1300 | |800}300| —f500 
716) f=1kHz 
9 Common-Source Output Conductance CECE Vps = 10 V, Ve6s=9 
D 
TOly] Ciss Common-Source !nput Capacitance | | faof | fs] 
= 1 MHz 
11 ae Common-Source Reverse Transfer Capacitance Pe ee he te | 
12 a Common-Source Forward Transconductance 1120} —|350]120| —_} 350) ; ‘ 
= 1 kHz 
13 ¢ Common-Source Output Conductance es ae ee ee 
1 V =10V,In =30uUA 
14 Equivalent Short Circuit Input | =| 20} sof} | 20] 70] nViA/Hz ve zs f= 10Hz 
Noise Voltage Os fT kHz 
= 8 ae aR GE TART Se ee 
IVgg1 - Vega! Differential Gate-Source Voltage | fff ff aot my | Vog = 10 V, Ip = 30HA 
19 I\VGs1- Vesa! Differential Gate-Source Voltage VPC VpG = 10 V, Ip = 30nA, 
Change With Temperature (Note 2) H Ta = -55°C, Tg = 25°C, Tc = 125°C 
18 CMRR Common Mode Rejection Ratio Ip = 30HA, Vpg = 10 to 20V 
(Note 3) 
NOTES. NNT 
1. Approximately doubles for every 10°C increase in T,. 3. CMRR = 20!0919 Wee Vass AVpp = 10 V. 


2. Measured at endpoints Ta, Tgand Tc. 4. Case lead not connected. 


Siliconix 2-95 


U430 U431 


matched dual 
n-channel JFETs 


designed for... 


= Balanced Mixers 


|@ Differential Amplifiers 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage ............... -25 V 
Gate CUNnENt 46 ceisoe cite ee ee eek ee 
Total Continuous Power Dissipation at 

(or Below) 25°C Free Air Temperature 

Derate 4 mW/°C to 150°C... 1.0.2.0... 2. ce ee eee 500 mw 
Continuous Device Dissipation (Each Side) at 

(or Below) 25°C Free Air Temperature 


Derate 2.4 mW/°C to 150°C... . 2... eee eee 300 mW 
Storage Temperature Range.............. -65 to +200°C 
Lead Temperature 

(1/16 from case for 10 seconds) ............. 300°C 


Siliconix 


Performance Curves NZA 
See Section 4 


BENEFITS 


@ Low Noise Figure 


@ Low IMD- 
30 dBm Intercept Point 


TO-99/TO-78 
See Section 6 


Bottom View 


‘ELECTRICAL CHARACTERISTICS (25° unless otherwise noted) 


Characteristic 


IGSS Gate Reverse Current 


BVGSS Gate-Source Breakdown Voltage 


VGS(off) 
VGS(f) 
Ipss Saturation Drain Current (Note 4) 


Gate-Source Cutoff Voltage 
Gate-Source Forward Voltage 


N 


Ne) NO 
on ro) 


Opa, Plaojynt— 


Common-Source Forward 
Transconductance 


a 
=n 
wo 


Common-Source Output 
Conductance 


Gate-Source Capacitance 
Drain Gate Capacitance 


© 
mos 


Equivalent Short-Circuit Input 
n Noise Voltage 


Common-Source Forward 
Transconductance 


io 
=A 
nn 


Common-Source Output 


13 Gos Conductance 
14 Gia Power-Match Source Admittance 
15 Go Conversion Gain (See Note 1) 


IMD Intercept Point (See Notes 1 and 2) 
IDSss1 
Ipss2 


VGS\off)1 Gate-Source Cutoff 
VGSloff)2 Voltage Ratio (Note 3) 


Saturation Drain Current 
Ratio (Note 3) 


H | g¢54 Transconductance Ratio 


_ 
© 


<e) oO 
| 
a nn 


NOTES: 

1. VHF single-balanced mixer drain load impedance 2k 22. 
2. 2-tone 3rd-order IMD. 

3. Assumes smaller value in numerator. 

4. Pulse test pulsewidth = 300 ys, duty cycle < 3%. 


2-96 


Cc 


oO 


Siliconix 


nit Test Conditions 


Vas =-15 V, Voge =0V. 
GS pS T=150°C 


Ig =-1HA,Vps=0V 
Vps=10V,iIp=1nA 
Vps =0V,IgG=10mA 
Vps=10V,VGs=0V 


> 


mho 
Vps=10V,Ip=10mA 


pF VG6s=-10 V, Vps =O V f= 1 MHz 


Vps = 10 V, Ip = 10 mA f = 100 Hz 


f=1kHz 


pmho 


Vps=10V, Ip =10mA 


f = 100 MHz 


Vps = 20 V, Vgs = 1/2 VGS(off) 


VG=0V 
Vps=10V {| Ip=1nA 


Ip =10mA 


3 


 NZA 


matched dual —s_—«w®” “oo 
n-channel JFETs 
designed for... rene 


= VHF/UHF Amplifiers BENEFITS 


® High Gain 
9fs = 4500 umho Minimum 
@ Dual Version of J300 with Matched 
Gate-to-Source Voltage 


yeEN Even LveN OvEN 


TO-71 TO-78 
See Section 6 See Section 6 
$2 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Bottom View Bottom View 
Gate-To-Gate Voltage ............. sense Wa .... +50 V B19 Odz 
Gate-Drain or Gate-Source Voltage ..... weeeee “OO V | 
Gate Current ........ Aalst te Buea eines yineain . 50 mA ” GS 
Total Package Dissipation 810 Os2 


(25°C Free-Air Temperature) .............. 350 mW 
Power Derating ............... ee ee 2.8mWwW/C 
Storage Temperature Range....... . -65°C to +150°C 
Lead Temperature 
(1/16” from case for 10 seconds) ......... 300°C) 
So ae Des, bs, D2 G2 


Gy; Dy $4 
TO-71 = ‘iene: U441 TO-78 = U443, U444 
ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


aracteristic [win | typ | Max | Tie: 
g [isss___Geweenecorentmoe iy [ [ [-soof Tf -s00 
aie 
ree 


Test Conditions | 


ee] Vps = 0, Vgg =-15 V | 


iE Pavgss _GateSource Breakdown Vorage | 25] | | 25] Vos =0,1g= 1A 
ae Be a a Se 
Gate Current IG Gate Current (Note 1) 1) | | 500} |] | | -500] pA VpG=10V,Ip=5mA 


Common-Source Forward 
es ool fa so00 |4s00| | 9,000 


Ap pA PWPNO] 


of A < 5 umho f=1kHz 
ommon-Source Output 

at ee EE 

A VpG = 10V,Ip=5mA 

M Common- -Source Input 
e | [ca Gaon pofst | fst 

Cc = 1 MHz 
9 Cc Common-Source Reverse 

rss Transfer Capacitance . 
10 IVGS1-VGS2] Differential Gate-Source Voltage ffl || mpm | VpG=10V,Ip=5mA 
NZF, NNZ 


NOTES: 
1. Approximately doubles for every 10°C increase in TA. 
2. Pulse test duration = 300 usec; duty cycle < 3%. 


Siliconix 2-97 


U1897 U1898 U1899 


n-channel JFETs 


designed for... 


= Analog Switches 
m= Choppers 
= Commutators 


ABSOLUTE MAXIMUM RATINGS (25°C) 


Gate-Drain or Gate-Source Voltage............65. —40V 
Gate CUIFeNT Pires owes dete ere eed ees 10 mA 
Total Device Dissipation at 25°C Ambient 
~ (Derate 3.27 mMW/°C).. 0... ee eee 360 mW 
Operating Temperature Range............. —55 to 135°C 
Storage Temperature Range...... Te a ae —55 to 150°C 
Lead Temperature Range | 
(1/16 from case for 10 seconds) .............. 300°C 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise dictate, 


Characteristic 


- (Note 1) 


Drain-Source ON Voltage 


11 VDS(on) 


12 : Static Drain-Source ON 
DS(on) Resistance 


13 Drain-Gate Capacitance 
14 Source-Gate Capacitance 


Common-Source Input pF 
; Common-Source Reverse 
ee Crss Transfer Capacitance a a 3.5 
17 : saton Turn ON Delay Time | | 1s} | ts] | 20 | Switching Time Test Conditions 
18] tf Ae tine of 2 a 


19 Turn-OFF Time 


NOTE: 
1. Pulse test pulsewidth = 300 us; duty cycle < 3%. 


2-98 Siliconix 


Siliconix 
Performance Curves NCA 
See Section 4 
BENEFITS 


@ Low Insertion Loss | 
'DS(on) < 30 2 (U1897) 
@ No Error or Offset Voltage“Generated 
by Closed Switch 


Purely Resistive 
Plastic 


TO-92 
See Section 6 


Bottom View 


Test Conditions 


Ta =85°C 


qc a on ee ae a ag 
2] [av0G0 —OreinGate Brean Vorase | #0] | ol | «of | v [Ig==tuaiig0 
5] [sveco SueoGee Sretaomn Vora [0] [a] [wo] —]__[ig=teatp=0 
a} [iss Gute Revere current | | -a00] _|[-a00] _[-a00| | vag=-20v. Vog=0 
=| [inco DvainGave Lenkage Curent’ | | 200} ] 200 | 200] [Vpg=20¥,ig=0 
@| s [Isco Source Grte untage Curent | | 200 | 200] [200] ”* [vsq=20¥, 1p =0 
7|7 . | 200} | 200 Vps = 20 V, Veg =—12 V (U1897) 
Al Ip(of) Drain Cutoff Current Ves =-8 V (U1898) 
8) tT] ft Ves=-6V (U1899) 
og [Waster GrteSours Gott Varese _|-50] ~s0| 20] -70[-40| 60 | V [Vos =20V.19=1 9A 
140 ieee Saturation Drain Current ttt fet fe Vps = 20 V, Veg = 0 


VGs = 0, Ip = 6.6 mA (U1897) 
Ip = 4.0 mA (U1898), 
Ip = 2.5 mA (U1899) 


VpG=20V,!I5 =0 
VsG=20V,Ip=0 


Vps = 20 V, Ves = 0 


f= 1 MHz 


U1897 U1898 U1899 

Vpp 3V 3V_ 3V 

VGs(on) 0 0 0 

VGsloff) —12V -8V -6V 

Ri 430 2 700 2 1100 2 

'D(on) 6.6 mA 4mA 2.5mA 
NCA 


voltage-controlled 5. 
resistor FETs 
designed for... Performance Curves NCA, NPA, 


= Small Signal Attenuators 

m@ Filters 

= Amplifier Gain Control 

# Oscillator Amplitude Control 


TO-18 (MODIFIED) TO-72 (MODIFIED) 
See Section 6 See Section 6 
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ABSOLUTE MAXIMUM RATING (25°C) 


Gate-Drain or Gate-Source Voltage..............05. 
Gate Cuenta cao danas aio eae ae peel 
Total Device Dissipation at TA = 25°C : | 
(Derate at 2.0 mW/°C to 175°C)... 0.2... 0.00. | | 
Storage Temperature Range .............. | 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 
N-Channel VCR FETs 


VCR2N V N VCR7IN 
Characteristic i [Max i Test Conditions | 


[Min [Max Win] Max| Win [Max | 
1 > IGss Gate Reverse Current ae -0.2 || -0.1] na VGs=-15V,Vps=0 
2 |A | BVGss Gate-Source Breakdown Voltage | -15{ | 15, -15 mee ; Ig =-1uUA, Vps =0 
T 
3 {1 | VGS(off) Gate-Source Cutoff Voltage | -3.5] -7|-35| -7| -2.5|  -5| IDp=1uUA, Vps=10V 
4 c rds(on) Drain Source ON Resistance | 20} 60} 200] 600] 4,000 8000] 0 | VGsS =0,ip=0 f=1kHz 
5 ; Cdgo Drain-Gate Capacitance | f7st fa} | 15] F VGD =-10V,I5=0 Por ey 
p : = Zz 
6 |Y | Csgo Source-Gate Capacitance | f75f | 3f | 15 VGs =-10V, Ip =0 
NCA NPA NT 
P-Channel VCR FETs 
| VCR3P ae 
1 |s |less Gate Reverse Current Bee ee 2 0. SA VG6s = 15 V, Vps = 0 
2 if BVGSs Gate-Source Breakdown Voltage i r IG=1uUA, Vps=0 
3 i VGS(off) Gate-Source Cutoff Voltage a ae ae Ip =-1uUA, Vps =-10 V 
4 |C | rds(on) Drain-Source ON Resistance VGs=0,ip=0 f= 1kHz 
5 |p | Cdgo Drain-Gate Capacitance an On an VGp = 10V,Ils=0 psa ne 
6 | Y Csgo Source-Gate Capacitance ae +. Ce VGs=10V,Ip=0 
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VCR2N VCR3P VCR4N VCR7N 


| APPLICATIONS vers 


N-CHANNEL FET 


N-Channel JFET Output Characteristic 
Enlarged Around Vps = 0 
Figure 7 


FOUR FIXED RESISTORS 
V-! Characteristic of Four Fixed Resistors 
Figure 2 

~The VCR FET has an a-c drain-source resistance, evaluated 

around Vps = 0, that is controlled by d-c bias voltage VGs 

applied to the high-impedance gate terminal. Minimum rqs 
{| occurs when VGs = 0 and, as VGs approaches the pinch-off 
voltage, rds rapidly increases. Comparing Fig. 1 and 2, for 
Vps < 40.1 volt and VGs = constant, the VCR FET has a 
bilateral characteristic with no offset voltage, just like a 
fixed resistor. However, when Vps > +0.1 volts, the VCR 
FET characteristic has noticeable curvature. 


| This series of junction FETs is intended for applications. 


where the drain-source voltage is a low-level a-c signal with 
no d-c component. Thus the FET operating point will 
swing symmetrically around Vps = 0. In the first quadrant, 


signal distortion depends on what extent the FET output | 


characteristic deviates from a straight line or linear relation. 


Besides the linearity problem in the third quadrant, when. 
VGsg is near zero and vgs > 0.5 volt rms, the gate-channel 


junction will become forward biased and cause additional 
| curvature in the characteristic. Also, whenever the gate be- 
comes forward biased due to any combination of VGs and 
Vds, it ceases to be a high-impedance control terminal for 
the VCR. 


Fig. 3 presents a normalized plot of rps versus normalized 
i VGS where VGS(off) is defined as that value of VGs at 


Ip/Ipss = 0.001. The dynamic range of rpg is shown as 


| greater than 100:1. For best control of rps the normalized 
V&Gs should lie between 0 and 0.8 VGs(off) because as 


VGS approaches VGS(off), TDS increases very rapidly so 
that rds control becomes very critical and unit-to-unit 


matching is almost impossible. In Fig. 4, rds(on) (drain- 
source resistance at Vps = VGs = 0) variesas an-inverse 
function of VGs(oFs)- In Fig. 5 rg has a typical 0.7%/°C 
temperature coefficient for P-channels which decreases as 
VGS approaches the zero tc. point. N-channel devices 
have a typical 0.3%/°C t.c. Specific bias voltage to set 


operation at the Zero t.c. point varies, as does VGS(off), 


from device to device. * 
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Vps <0.1V 


'DS/"DS(on) 


NUE UAE TT 


\ 
ONE TE ETT 
LATS HT 


= 
a ae 
a 
+ — 
a sae 
= 
== 
a ae 
ee 


0 0.2 0.4 0.6 0. 0 


Ves/VGs(oft) 
Fig. 3 


pT 
RS OS 
5 Rie 


ee 
WALT TTT 


eee dE Vg 0 

on een Os Ge 
-—-"h aN ms 
ANS. ANA Meat 
pt ANE AD 


Vestotf) — GATE-SOURCE CUTOFF VOLTAGE (V) 


Fig. 4 


tds ~ DRAIN-SOURCE RESISTANCE (OHMS) 


0 1.0 2.0 3.0 
VGs — GATE-SOURCE VOLTAGE (VOLTS) | 


Fig. 5 


For further information on using FETs as voltage-variable 
resistors, consult Siliconix Application Note AN73-1._ 


* L. Evans; “Biasing FETs for Zero DC Drift’; Electro Technology, August 1964. 
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voltage-controlled 
resistor FETs 
designed for... 


= Small Signal Attenuators 
= Filters 


= Amplifier Gain Control 
= Oscillator Amplitude Control 


ABSOLUTE MAXIMUM RATING (25°C) 


Gate-Drain or Gate-Source Voltage.............0... 25 V 
Gate Cunrent.+.<4ase3-4 wat bS ake hoteles Beek 10mA 
Total Device Dissipation at TA = 25°C 

(Derate at 2.0 mW/°C to 175°C). ............. 300 mW 


Storage Temperature Range 


ELECTRICAL CHARACTERISTICS (25°C unless otherwise noted) 


Characteristic 


IGss Gate Reverse Current Ft 


BVGSS Gate-Source Breakdown Voltage 


Cago Drain-Gate Capacitance 


Oran? Ri win] — 
ral 
QO 
oe 
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5 
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3 
op) 
2) 
Cc 
= 
oO 
45) 
O 
=z 
yD 
fos] 
w: 
7) 
ee 
pot) 
po | 
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fae) 
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Csgo Source-Gate Capacitance 


rpsmin 
rpsmax 


N 


Note 


1 Vgsi + Control Voltage necessary to force rps, to 2000 or 2KN. 
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NLLUOA 


TO-71 
See Section 6 


D1 D2 
G1 G2 
$1 S2 
$2 5 
° 2 
5 e q 
Gy °°, 7)? 
ro) 1 
D4 e) 
$4 


Bottom View 


Test Conditions 


nA |VGS=-15V,Vps=0 


VGgs =-10V, Ip =0 
rps1 = 20029 


VGs1 = VGs2 


'DS1 = 2kO 


NSH* 


*Contact factory for geometry information. 
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Tips on Selecting the Right FET | 
for Your Application 


The “Product Specification,” a short form version of technical data, will provide you direct 
reference to Siliconix part numbers and a condensed version of technical specifications 


| IF YOU ARE NOT FAMILIAR WITH THE FET PARAMETERS YOU NEED: 


1. Turn to page 3-4, “How to Choose the Correct FET for Your pene i ang this guide, determine the 
important FET parameters. . 


2. Next, turn to page 3-6, ““SFET Geometry Selector Guide.” Using this guide, choose the appropriate 
geometry. 


3. Once you have chosen a geometry, turn to “Geometry Characteristics,” section 4 of the catalog. Here you 
make the choice of a suitable part number. 


4. Now that you have the part number, you will find complete electrical specifications of these products in the. 
“Data Sheets,” section 2 of the catalog. 3 


iF YOU ARE FAMILIAR WITH THE PARAMETERS YOU NEED: 
1. Turn to the “Product Specifications,” pages 3-9 through 3-18 to determine the proper part number(s). 


2. Double-check your choices against the data sheets, and select the part most suited for your application. 
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FET Application Selection Preferences 


- Additional information 


7 ‘ / 
S i = Po “LW 
POPULAR PRODUCT = ~ |S {F/B 
| TYPES S/v/S/ > /s2/& 
y/S/v O/T / & 
Sf YY fe LM [BL 


_Low Current Amplifier 

| Low Freq Amplifier =< 100 Hz 

i High Freq Amplifier > 100 MHz 

HF = 400 MHz Prime | 

| General Purpose Amplifier 

Low Noise Amp (10 Hze,) 

Low Noise Amp > 50 MHz 

| High Frequency Mixer 

Dual Diff Pair 

| AGC Amplifier 

Electrometer Preamp 

Microvolt Amplifier 

Low Leakage Diode 

Low Leakage Duai Diode 

Smoke Detector input 

Battery Operated Amp < 1.5V 

| DifffSingle Ended inp. Stag. 

High Slew Rate Diff Amp 

| Active Filter 

| Oscillator 

: Voltage Controlled Resistor 
| Hybrid Chips 

| Analog/Digital Switch 

Multiplexing 

Choppers : 

Reed Relay Replacement 

Sub pA Dual Diff Pair 

Sample Hold 

Buffer Interface to CMOS ~ 

Matched Switch 


| Current Limiter | 
Current Source i s 
High Voltage Protection Diode 


P = PRIME CHOICE 
S = SECONDARY (ALTERNATIVE) CHOICE 
~ LV = LIMITED VALUE 
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Application Selection Preferences 
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scnatrFE] Application Selection Preferences ; 
2. (Cont'd) 


| D - Desired “nominal” limit - rarely critical 


ae 


Small Signal FET Application/ 
Parameter Importance Guide 


‘Ss 2 i e 
SAV F/T 


Pain. | Max. ax 
Max. . 
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High Freq Amplifier > 100 MHz 

HF > 400 MHz Prime’ . 

General Purpose Amplifier 7 

[Low Noise Amp (10 Hz en) 
Low Noise Amp>50MHz | 

; 

| _ Dual Diff Pair 

| AGC Amplifier 

| _ Electrometer Preamp 

: Microvolt Amplifier 

| Low Leakage Diode 

i Low Leakage Dual Diode _ 

| Smoke Detector input 

Battery Operated Amp < 1.5V | 

Dift/Single Enced Inp. Stag. __ 

High Siew Rate Diff Amp 

Active filter | | 

Oscillator 

Voltage Controled Resistor | 

| ___ Hybrid Chips _ | 


| + 


* | = 4 


* 


a = 
+ * 
| * * * * * # 5 F * * * 


; | 1 f = 


; * * : 
* i. i i “Ss, 
; {+ 
ats, § gotten, 
§ * » 
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Sub pA Dual Diff Pair 
Sample Hold | 


ion, 
*& 
5 eet ; 


i * % * + » 


: Pf RL el 
4 eer i 
| oo 
® 


Eel 
|__ Current Source = 7 ite See, EAE 
High Voltage Protection Diode nek ar tot | 
* . Important FET Parameter : Required | sf Apaleaies “Max” - | 
? - Important for some applications /* - indicates “Min” 


(*) - Indicates Parameter in Parentnesis 
G - Guaranteed by Cigg, Grog, Ogg, and device design 
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_ | Detail Application 


| Audio 
Buffer 
Difterentiai 


High Input 
impedance 


| High Frequency 


Low noise (€,,), d¢e/So, 


Low I¢;, High gf. 


| Godd matching Ves, of Ings: Ie 
| Very low Ig (eg., MOSFET) 


| High gfs/Ciss ratio, NF, RE parameters Voltage amplification RpSicn} 


Pe. on ee 2 factor 
| AMPLIFIER FET input Op Amp | Good matching Ves, d¢s. Ings. ig | ne VpSton} 
| Low Distortion | High Vesor¢) compared to signal | = 9fs/8os IDtof#} 
| amplitude = AVpS/AVGS @ip=const | Switching Times 
| Low Supply: Low Vestoff) 
Voltage 
| Low Noise Low @p, in, low 1/f noise, low NF 
i. Preamplifier | Operate near Ip yry, high g¢e/lp ratio 
| Video | High a¢,/Cj,, ratio, NF 
: Analog Gates | Fast switching time 
| Choppers | tos/lp cose) switching efficiency : ) 
Sed ia | Commutators Low Cy.. . RDS{on) | Sfs 
SWITCHES ee eee ea Gos 
Digital | Fast switching time Capacitanoe inoue 
integrator Reset = | Very flow Rrgign), High Igas 
| Sample and Hold | Low Cree 
| Current Limiting 
| CONSTANT | | loss 
| CURRENT : alata Suen Low Goce. low Vigsiopey HighBVGgss | ovs 
SOURCE ar | 8VGse ; capacitance 


Biasing 


VOLTAGE | Gain Control 


CONTROLLED [| Amplitude Stability | 
RESISTORS 


| Attenuators 
i VHF 
MIXERS | URE 


Double Balanced 


Class A 


OSCILLATORS | 
‘4 Class C 


| range and low distortion. 


tow C5 


RES HO Ua HES RRS OREO LONG ROOD METE RUD EZO TEPER ISOLATE 


High Vigs(oft) for wide dynamic 


RF parameters, NF, high Gp. /Cig. ratia, 


Matching characteristics 


important FET Parameters Required | 2. Major Tradeoffs Unimportant FET Parameters | 


| Sts: Boston). Iptott}. YDS(on) | 
| awitching times, RF parameters | 


'DOSion} 
OR i Ka OM KARA ie ORI POS ANoie aie RMNK SLRS ART Vv OS for } 
ipioff) 
Good gs, at operating frequency ats 
vs 
Low Cj.. for VHP operation Capacitance 


tie DEH Btc rion insert Ophnngmnantnane tina ncan eantate® 


sien toute gr taremietccetanae att rane NR OA PCE 


_ 124 4994105 24) BsooYys 0] MOH 


sconneecytieemeate Sean Nate RE 


Basic Circuit*® : Preferred Parts 


Rs Ry | R2 lipo! RD 7 | Ay 
mo | MU, He [mA | | | 


2N4339-40 


: 2N4867-69 
. ae [2 | 820 Pano fis. 2 a J230-32 
epee os eles sae ae 


Pp 0 SR 8 18 a] 


rte 


we nenge haga eeenetagnnes mong antegent ab henge ahammar 


| Bit 
tsk 15.5] 308-10 
U401-6 
: 421-6 
JFET iain Arlt ae Applic ication Note: TA70-2 
| . 2N4091-3 
f 2N4391-3 
2 PN40$1-3 
P PN4391-3 
a 3108-10 
| , 3105-7 
| eee See U290-1 
-15V 
| Shunt-Resistor Analog Switch Application Note: AN73-5 : ennese4 
p i SD210DE-215DE 
ae ii a es CRRA Series 
g 3501-11 
ee Rg iMi, 2w  (§552-7 
| | | Any J-FET 


RS AAR JR135V-240V 


How to Choose the Correct FET for Your — 


| 
ion 
S Equivalent Circuit of a JFET Current Limiter Application Note: D171-1 
—— : Steal 
VCR Series 
= A | e VES Any J-FET 
a 


U430-1 
U440- 1-3-4 
2N5911-12 
U308-10 
J308-10 
2N4416 


2N4416 
PN4416 
U308-10 
J308-10 


mae 
UHF Transmission Line Oscillator Application Note: DI73-2 


*for further details see Application Notes, Index 5 
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| USEFUL JFET INFORMATION 


| Ciss = Cas + Cog Input Capacitance 
Coss = Ca. + Cys + Ong Output Capacitance 
Cress = Cad Reverse Feedback Capacitance 


2 
pz = lpss (9.63) Variation of Izero tc) with Gate Source Cutoff Voltage 
VGSi(off) 
loss ‘ ee 
| Ofso = Saeemememmemnan Forward transconductance as a function of loss and Vags{orf) at zero gate-source voltage 
VGS(off) (K = 1.5 to 2.5; typically = 2 for N-channel junction FET) 


VGs bas 
fs * Sigg 11 - —————— ) Variation of gf, with gate bias 


VGStoff) 


| Os = Stso V! D/! pss Variation of gg. with drain current 
“ 2 loss ) ff voltage f Inge and 
VGStoff} = —_e Gate~Source cutoff voltage in terms of Ipgs and gfgo 
Sfso 


% 
ip 
Vestort) (——) 
ipss 


a 


Vps Drain voltage at which drain current saturates 


rps ae ss Reciprocal relationship between drain-source resistance and forward transconductance. Ac~ 
Ofs curate when Vps < Vogsioff) ie. in the triode region 


CREE LARAMIE AA AEE RERED LOTR ESL NI AE REIT ESOT AT SST IIIE OIE ENRICO ORNL AEDES ETRE 


12 : 


_ lVe@stortyl* 
Kipss [VGSioff} - VGs] 


R 


‘Ds. 


K=1.5t02.5 Variation of drain resistance in the triode region 


Vos , ; 
ip = ipnss (i - Raracd = sem Variation of drain current with gate-source voliage. The square law transfer characteristic. 


VGsioff} 
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JFET Geometry Selector Guide 


Vasiot) — GATE-SOURCE CUTOFF VOLTAGE (VOLTS) 


VaStot) — GATE-SOURCE CUTOFF VOLTAGE (VOLTS) 
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K 4 


@, ~ EQUIVALENT SHORT CIRCUIT 
INPUT NOISE VOLTAGE {n¥é/ 


JFET Geometry Selector Guide (Cont'd) 


ings ~ SATURATION DRAIN CURRENT (mA) 
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TRANSCONDUCTANCE (ninhos) 
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i Vas(ott) @ Vog = 18 vj 


Vas(ott) — GATE-SOURCE CUTOFF VOLTAGE (VOLTS) 
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N-Channel JFETs 
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P-Channel JFETs 


ae 
id 


(SLIOA) ADVLIOA 44OLND SOUNOS-BLvS ~— 


Con 
Lh 


PSA-t Tt 


= -10 | 


(SLIOA) FOVLIOA 4401N3 FOENOS-aLVO — 


(off) @ Vos 
DTA 


Vas 
Ip 


Gig ~~ COMMON-SOURCE OUTPUT. 
CONDUCTANCE (umhos) 


{Holsa, 


RESISTANCE (OHMS) 


een) STATIC DRAIN-SOURCE 


- G)SD, 


4 
foal 
z= 
= 
& 
| 8 
= 
x 


@ Vps = -10V 


Sn 


2 J = a 
= = oe 


(2H /YAU) JOWLIOA SSION LNENt 


LINGHIO LHOHS LNZTWAINDS — Ye 


PEA 


g ge 


{SLIOA) 2DVLICA NMOGNVSHS 
_ *SONNDSALYD TwoldAi — SS8ag 


PEA 


| > 
y & 
1 = 
wal 
F 8 
4 EZ] 
uf 
[> 
| 6 
Ez 


es a : Ad ed cn) 


{30} ZOMY LIOVaYS HIASNYHL 
_SSuS3ASu aguNOS-NOMMaD — 5 


° 
a) 


a 5 . E i 
ise AS f _ 
5 | S Lg 
é | |. 83 ee 
= HSS |S we + 28 
© Hiss= Ss p7 GS a> 
3 $2 $ Sg 8 2 ° 
s - g 5 (30) ZONV.LIOWdVS LNgN! 39uNOS- NOWNGD ~ 5 
I occ meee ee 33 : 
. of as 
ES i 28 
G csi ie = 18 
: i i 2 
2 = 3 3 | 
{S170A) BOV110A a301NS ZOUNDS-ALvO ~ 1O}SD, {SLIOA) TOWLIOA adOLND ZOUNOS-ALVE ~ 19)8O, 


MIUOSI 


OL-€ 


ts 


HSSWON Livd 


2N4117 
2N4117A 
2N4118° 


2N4118A 


2N41i9 


2N4119A 


PN4117 
PN41I7A 
PN4118: 
PN4118A 
PN4119 
PN4119A 
PN4120 
FN4117 
FN4117A 
FN4118 
FN4118A 
FN4119 
FN4119A4 
FN4392 


_ FN4393, 
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—-QN4221A 


2N4222 
2N4338 
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N&P-Channel Single FETs 
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DPAD106 


JPAD2 
JPADS 
JPAD10 
JPAD20 » 


JPAD56 

JPAD100 
JPAD200 
JPAD500 


PADI 
PAD2 
PADS 
PADI0 
PAD20 
PAD50 
PAD100 


VCRIIN 


Part 
- Number 


Product Specifications (Conta) 


Low Leakage Diodes 


R Breakdown F 4 
Pp | everse | Voltage orwar : 
on Diode Current | {Volts} Voitage Drop vicar 
(pA, Max.} ———— Volts {Max.} see : 


Dual 
Dual 
Dual 
Dual 
Dual 
Dual 
Dual 


Single 
Single 
Single 
Single 


Single 
Single 
Single 
Single 


Single 
Single 
Single 
Single 
Single 
| Single 
Single 


Voltage Controlled Resistors 


| Sdown Threshold Voltage Resistance | 
Package siece {Voits) ac ___{Channet 22) - Geometry 


TO! | (volts, Mind __| _ 


P-Channel MOSFETs 


| Leakage 
Operating Threshold Resistance | Chantal on Leakage Breakdown Input Reverse 
4 Mode Voltage Channel ima) Channel Off Voltage Capacitance | Capacitance | Geometry 


(Volts, Max.) | (9, Max.) (Volts, Max.}/ (pF, Max.) (pF, Max.) 
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| Leakage - 
Threshold | Resistance Ghenael On | Leakage Breakdown | input Reverse 
Voltage Channel {mA} Channei Off Voltage Capacitance | Capacitance | Geometry 
(Volts, Max.) 4 inA, Max.) | (Volts, Max] (pF, Max.) ipF, Max.) 
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Current 
imA} 


6.22 
0.24 
0.27 
0.36 
0.33 
0.39 
0.43 
0.47 
0.56 
—60.62 
0.68 
0.75 
0.82 
0.93 
7.06 
1.10 
1.20 
1.30 
1.46 
1.56 
1.68 
1.80 
2.00 
2.20 
2.49 
2.70 
3.00 
3.30 
3.60 
3.90 


0.05 


{.18 - 0.75} 
{06 -1.6). 


i? 4 - 2.8) 
{2.4 - 3.3) 
{3.6 -§.3) 
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Current Regulator Diodes 


Limiting 
Voltage 
| iVolts, Max.) | 
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30 
15 


eo 
- . * ° a ae sob yes 
pea 


Peak Operating 


NKL 


Pen asanetveeete at 


Geometry 


NEL 
NEL 
NK L 
NEL 
NRL 
NEL 
AL 
NK 
NIKE 
KM 
NKR 
NKM 
NKM 
NKM 
NKM 
NKM 
NKM 
NEM 
NKM 
NKO 
NKO 
NKO 
NEO 


NKO 


NKO 
NKO 
NKO 
NKO 
NKO 
NKO 
NKO 
NKL 
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Useful JFET Parameter Relationships (Approximate) 


EET 
BESAaRS chee ROAAe 
Ce eRe 
BMGs lee ies eli 


i 
a8 wie \ 


AMBIENT TEMPERATURE (°C)* 
Saturation Current 
vs Cutoff Voltage 


Drain Current and Transconductance 
vs Ambient Temperature 


2 
ANIVA 30S2 OL SAILV1AY ANTVA = 


175 


Ree Te Oe ell 
AN SEERERESRURER 
ONES eta ah 
PRRES Se RRERGERe 
PASSED SUEREAGED 
ROGER SERRERE 
Pi pe OEE 


25 75 125 


AMBIENT TEMPERATURE (°C) 
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On Resistance 
vs Ambient Temperature 
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AMBIENT TEMPERATURE (°C) 
Typical rpS(on) 
vs Normalized Gate Source 
Cutoff Voltage 


Relationships (Approximate) 


Useful JFET Parameter 


Bulk & Junction Leakage Current 
vs Ambient Temperature 
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| PERFORMANCE CURVES (25°C unless otherwise noted) 
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BENEFITS: 


e Low Insertion Loss 
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CATHODE IS BACKSIDE CONTACT 


n-channel JFET 
designed for... 


= Current Regulation 
= Current Limiting 
= Biasing 


= Low Voltage References 


ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMETERS) 


TYPE PACKAGE 
Single | TO-18 (2-lead) 
Single . Chip 


PERFORMANCE CURVES (25°C unless otherwise noted) 


Knee Impedance vs 
Regulator Current 


Dynamic Impedance vs 
Regulator Current 
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Siliconix 


current regulator diode 


not exceed 150°C. —L- or + 


Siliconix 
BENEFITS: 


© Simple Two Lead Current Source 


e Current Insensitive to Temperature 
Changes. Temperature Coefficient 
Better Than 0.15%/°C On All Devices 

e TO-18 Package for Improved Current 
Control 

e Simplifies Floating Current Sources 

No Power Supplies Required 


PRINCIPAL DEVICES 
CRO22 Thru CRO62 
CRRO240 Thru CRRO560 
All of above 


Limiting Voltage @ 0.8 IF vs 
Regulator Current 


Sane es) a Se eee oe es SS 
a 
| A | | 4 HH 


7a ao 0 a a SCR 
iG L1G 


Vi — LIMITING VOLTAGE (VOLTS) 


0.1 1.0 10 


Ip — REGULATOR CURRENT (mA) 


Thermal Resistance vs 
Power Dissipation 
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REGULATOR .261N .ABOVE 
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Pp — POWER DISSIPATION (mW) 


IF, Regulator Current is specified under pulse conditions. 
In operation, final current will be a function of junction tempera- 
IF x [1 +6] (Tj — 25°C)] where 6] is the 
temperature coefficient of IF and Tj is the junction temperature. 


Tamb + 9j-aPD = Tease + j-cPD. Tj must 
is the derating factor for all devices. 
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ALL DIMENSIONS IN INCHES 
{ALL DIMENSIONS IN MILLIMETERS) 
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Low Voltage References 


TYPE PACKAGE 
Single TO-18 (2-lead) 
Single Chip 
PERFORMANCE CURVES (25°C unless otherwise noted) 
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Siliconix 


BENEFITS: 


Simple Two Lead Current Source 


Current Insensitive to Temperature 
Changes. Temperature Coefficient 
Better Than 0.15%/°C On All Devices 


TO-18 Package for Improved Current 

Control 

Simplifies Floating Current Sources 
No Power Supplies Required 


PRINCIPAL DEVICES 
CRO68 Thru CR150 
CRRO80O0O Thru CRR1250 
All of above 


Limiting Voltage @ 0.8 IF vs 
Regulator Current 
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Thermal Resistance vs 
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Ta = 25°C STILL AIR, CURRENT 
REGULATOR .251N. ABOVE 
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Pp — POWER DISSIPATION (mW) 


NOTE: If, Regulator Current is specified under pulse conditions. 
In operation, final current will be a function of junction tempera- 
ture. If (steady state) = IF x [1 + 0] (Tj — 25°C)] where 6} is the 
temperature coefficient of IF and Tj is the junction temperature. 


Tj may be found by Tj = Tamb + 0j-aPD a Tease + 9j-cPD. Tj must 
not exceed 150°C. on i or _1_ is the derating factor for all devices. 
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n-channel JFET 


current regulator diode 
designed for... 


Current Regulation 
Current Limiting 
Biasing 

Low Voltage References 


TYPE PACKAGE 
Single TO-18 (2-lead) 
Single Chip 


PERFORMANCE CURVES (25°C unless otherwise noted) 


Dynamic Impedance vs 
Regulator Current 
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Siliconix 


BENEFITS: 


Simple Two Lead Current Source 


Current Insensitive to Temperature 
Changes. Temperature Coefficient 
Better Than 0.15%/° C On All Devices 


TO-18 Package for Improved Current 

Control 

Simplifies Floating Current Sources 
No Power Supplies Required 


PRINCIPAL DEVICES 
CR160 Thru CR470 
CRR1950 Thru CRR4300 
All of above 


Limiting Voltage @ 0.8 IF vs 
Regulator Current 
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Pp — POWER DISSIPATION (mW) 


If, Regulator Current is specified under pulse conditions. 


In operation, final current will be a function of junction tempera- 
ture. IF (steady state) = IF x [1 + 0) (Tj — 25°C)] where 0} is the 
temperature coefficient of IF and Tj is the junction temperature. 


_ Tj may be found by Tj = Tamb + @j-aPD = Tease + 9j-cPD. Tj must 
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dual n-channel JFET 5 


designed for... | _ Siliconix 
= FET Input Amplifiers BENEFITS 
= Low and Medium Frequency Amplifiers  jMinimum System Error and Cali- 
= Impedance Converters bration 
@ Precision Instrumentation Amplifiers 5 mV Offset Maximum (J401) 
= Compartors 95 dB Minimum CMRR 
, e Low Drift With Temperature 
: 10 uV/°C (J401) 
| i ite e Simplifies Amplifier Design 
ome) Output Conductance < 2 umho 
ALL DIMENSIONS IN INCHES + Lew Noise 


{ALL DIMENSIONS IN MILLIMETERS) 


@n = 6 NV/\/Hz at 10 Hz Typical 


TYPE PACKAGE PRINCIPAL DEVICES 
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ALL DIMENSIONS IN INCHES 
(ALL DIMENSIONS IN MILLIMITERS) 


monolithic 
dual n-channel JFETs 
designed for... 


= Low Leakage FET Input Op Amps 


s pH Meters 
= Electrometers 


TYPE PACKAGE 
Dual TO-78 
Dual Chip 


PERFORMANCE CURVES (25°C unless otherwise noted) 
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Ip —DRAIN CURRENT (mA) 


Ipss— SATURATION-DRAIN-CURRENT (mA) 
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BENEFITS: 
@ Ultra-High Input Impedance 
e Good Voltage Gain 


e@ Low Noise 


PRINCIPAL DEVICES 
U421-28 
U423CHP-428CHP 


Output Characteristic 
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- V@s= of Vas = —0.4V le sied 
Re Ae a ee 
| | VAAL pvcs--ov| || 
PLL A eves1.0v |_| 
= HEE tot oe 


VG6s=-1.2V 


Vps—DRAIN-SOURCE VOLTAGE (VOLTS) 
Output Characteristic 
(VGS(off) = -2-0V) 


, 


i 


a 
Z 
a 
7 
‘a 
7 


iad Ves = —0.6V 


FT Ves =v 


Pt tf vgs--1.0 
mare CR EE 


e=Saaaurer 
= 


anecES 
| 
= 
aa 
mm 
a 


Oo 4 8 12 16 20 
Vps—DRAIN-SOURCE VOLTAGE (VOLTS) 


Low VGS(off) Unit (1.0 V) 
Sie aol ast, 


600 


500 


DiS (a FF al 
SWINE | Tt tt 
NSS 
ii Se 
SSO 

B\GEEE 
ened! Cole Ny ee lceted 


foie (a De ae 
pt tT tT tT Tt AT 


0 -0.2 ~0.4 -0.6 -0.8 -1 


AZ 


Vag — GATE SOURCE VOLTAGE (VOLTS) 


PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 


r 
r 
— 


Transconductance vs Gate Source Voltage Common-Source Output Conductance 


Capacitance vs Drain Gate Voltage 
High Vgs(off) Unit (2.5 V) vs Drain Current 


1.5K 
1.2K 
900 


600 


Sts — TRANSCONDUCTANCE (umhos) 
C — CAPACITANCE (pF) 


za SONEE 
Pt tt yt tT ARAL 
EREMEAZRRER G 


0 ~04 -08 -12 -16 -2 -24 
Vgs — GATE-SOURCE VOLTAGE (VOLTS) 


Qos ~ OUTPUT CONDUCTANCE (umho)} 


Ip — DRAIN CURRENT (uA) Vpqg — DRAIN-GATE VOLTAGE (VOLTS) 


Gate Operating Current Equivalent Input Noise 
vs Drain-Gate Voltage Voltage vs Frequency 


NETIC 
AS NOTE 


Noes 
Ho OO 


Luc EAT 
pe eatlels Jee eT Wa Lele a Are 


0 5 10 15 20 2 30 35 10 100 10K 100K 
Vpg — DRAIN-GATE VOLTAGE (VOLTS) f — FREQUENCY (Hz) 


100 


FERC EEE 
ERERREREP a/eRRE 


oe es 100 nat hip = 30 nA 

1 
SeRe88//70 ass i aa 
= 


= 
CAA 
CoP 


eet a 


25 


— NOISE VOLTAGE (nVA/Hz) 


EN 
= 
° 


0.1 


Ig — GATE LEAKAGE CURRENT (pA) 


Slconix 4-21 


NNZ 


n-channel JFET , 
designed for... 5 


Siliconix 
= High Frequency Amplifiers BENEFITS: 
= Mixers @ High Power Gain 
= Oscillators @ Low Input Capacitance 
TYPE PACKAGE PRINCIPAL DEVICES 
Dual TO-78 2NS911-12, U257 U443-U444 
Dual TO-71 U440-41 
Dual Chip M5911CHP, M5912CHP, 
M440CHP, M441CHP 
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PERFORMANCE CURVES (25°C _ unless otherwise noted) 
: On Resistance & Output 
Drain Current and Transconductance vs Conductance vs Gate- Gate Operating Current 
Gate-Source Cutoff Voltage Source Cutoff Voltage vs Drain-Gate Voltage 
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Siliconix 
# Small Signal Amplifiers BENEFITS: _ 
= Choppers e Low Noise NF < 1 dB at 1 kHz 
= Voltage-Controlled Resistors ® Operation From Low Power Supply 


Voltages, Vgs(oft) < 1 V (2N4338) 
e High Off-lsolation As a Switch 
ID(off) < 50 pA 
e High Input Impedance 
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PERFORMANCE CURVES (Con’t) (25°C unless otherwise noted) 
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' @ General Purpose Differential Amplifiers BENEFITS: 
fase ® Low Cost 
e High Input Impedance 
TYPE PACKAGE . PRINCIPAL DEVICES 


Dual TO-71 2N3954-55, 2N3954A-55A, 
2N3956-58, 2N5045-47, 


eR ; 2N5196-99, 2N5515-24, 2N5452-54 
| fara. | 231-35, U410-12 
(ato) Dual Chip 2N3955, 2N3956-58 


ALL DIMENSIONS IN INCHES : 2N5047, 2N5199 
(ALL DIMENSIONS IN MILLIMETERS) 2N5454, U233-35 
U411, 12 


PERFORMANCE CURVES (25°C unless otherwise noted) 


On Resistance & Output 
Drain Current & Transconductance Conductance vs Gate- Gate Operating Current 


vs Gate-Source Cutoff Voltage x Source Cutoff Voltage vs Drain Current 
é 
£ 850 10 100K 
1 9 Vi =20V 2 
| oo ed Oe = 
“4 2 Gs=0V |/f a => =e 
< > < 750 ro) = 10K Ea 
a a & a 9 _———— 
ZZ Seu e ¥ ORC SESSLER LARUE 
Le z24 : a < ees hee ee 
ie 5! 2 660 g WOK eS 
“a2 So? > w a 
ea G2 Q i as ae Se, 
<i Pee S o ar /, 
[7 ew ] 2 x > 550 a | 100 ——S=— SE 
| 9 o5 9 = = <a 
% F 2 m 3 ——— aa 
2 3 ¢ 450 3 = 4y ee | | 
8 9 FA 3 Ee 
—_— | g = j 
g , 
= 350 ) 1 
a ft) -1 -2 -3 
VG6s(off) — GATE-SOURCE CUTOFF VGS(oft)— GATE-SOURCE CUTOFF VOLTAGE (VOLTS) 
VOLTAGE (VOLTS) Vpg — DRAIN-GATE VOLTAGE (VOLTS) 
Common Source Reverse : , ; 
Eoadback Capacitance Common Source Input Capacitance Equivalent Input Noise Voltage 
P vs Gate-Source Voltage vs Frequency 


vs Gate Source Voltage ee 


Til HELL 


z) 


rm _ 20 
2 Wu va 
g E an is Ip = 200 pA 
& [S) ° 
x > 
S & w 10 NSU 4 
: 3 : SS 
Poa) > 2 
a & | 
uu 2 2 5 
uw | lo 
8 
Fd (sy 
o 0 
10 100 1K 10K 100K 
OF ee OB RD, ode, ne ne f — FREQUENCY (Hz) 
VGS— GATE-SOURCE VOLTAGE (VOLTS) VGs—GATE-SOURCE VOLTAGE (VOLTS) Common Source 
Common Source Output Admittance Common-Source Output Conductance Forward Transconductance 
vs Drain-Source Voltage vs Drain Current vs Drain Current 


Peet i ‘oo on Poti ii Vb 
oe ee a f= 1 kHz 
ames (0 F001 A es WERT 


ett ll 
== 


lo @faamer. —— ae eeese 
Se . ee ss ee 
Re ft 
+ ——--t fr | id 


‘ aunt aati 
"<li 
Pail OI 


er eel 


(umhos) 


Oat 
| MY 
Ze 


0.1 


————————————————X———_—_—SX_—SSS 
== a moeusur 
alll A A eS 2 OO 
He ot O00) Se Oe ee 


0.01 0.1 10 Ip — DRAIN CURRENT is 


Gos — OUTPUT ADMITTANCE (umho) 
Gos — OUTPUT CONDUCTANCE (umhos) 
gfs — FORWARD TRANSCONDUCTANCE 


“9 5 10 15 20 25 30 0.01 
Vps — DRAIN-SOURCE VOLTAGE (VOLTS) 
Ip — DRAIN CURRENT (mA) 


4-26 ae ; 
| Siliconix 
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n-channel JFET 
designed for... 


= Small Signal Amplifiers 

= VHF Amplifiers 

@ Oscillators 

# Mixers 

= Switches 
TYPE PACKAGE 
Single TO-72 
Single TO-92 
Single - Chip 


PERFORMANCE CURVES (25°C unless otherwise noted) 
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BENEFITS: 

= Wide Input Dynamic Range 
High Ig Breakpoint Voltage 

= High Gain 

= Low Insertion Loss Switches 


PRINCIPAL DEVICES 
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GATE ALSO BACKSIDE CONTACT 
S AND D ARE SYMMETRICAL 


n-channel JFET 
designed for... 


® Ultra-High Input Impedance Amplifiers 
Electrometers 


pH Meters 
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Siliconix — 


BENEFITS: 


@ Low Power 
Ipss < 90 vA (2N4117) 


Smoke Detectors e High Input Impedance 


Ig < 1 pA (2N5906-09) 


TYPE PACKAGE PRINCIPAL DEVICES 
Single TO-72 2N4117-9, 2N4117A-9A, 
: FN4117-18, FN4117A-18A, VCR7N 
Single TO-92 PN4117 Thru PN4120 
PN4117A Thru 4120A 
Dual TO-78 2N5902-9 
ALL DIMENSIONS IN INCHES Single Chip All singles above, 


{ALL DIMENSIONS IN MILLIMETERS) 


Dual - 2NS5905CHP, 2N5909CHP 
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PERFORMANCE CURVES (Cont'd) (25°C unless otherwise noted) 
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GATE !S BACKSIDE CONTACT n-channel JFET . : 


EY, VS, designed for... ; 
=) = Siliconix 
= = = Analog Switches BENEFITS: 
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GATE ALSO BACKSIDE CONTACT 
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| 0.021 | 
(0 533) 

ALL DIMENSIONS IN INCHES 

{ALL DIMENSIONS IN MILLIMETERS) 


TYPE PACKAGE 
Single TO-52 
Single TO-72 
Single TO-92 
Dual TO-99 
Single Chip 

Dual Chip 


n-channel JFET 
designed for... 


= VHF/UHF Amplifiers 
= Front End High Sensitivity Amplifiers 
# Oscillators 


= Mixers 


BENEFITS 
e Industry Standard 


@ High Power Gain 
16 dB at 100 MHz, Common Gate 
11 dB at 450 MHz, Common Gate 


PRINCIPAL DEVICES 
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J308CHP-10CHP, 
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BENEFITS : pis : 
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e Wide Dynamic Range 
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PER FORMANCE CURVES (Con‘t) (25°C unless otherwise noted) 
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s High Frequency Amplifiers BENEFITS: 
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APPLICATION NOTE 


An Introduction to FETs 


INTRODUCTION 


The basic principle of the field-effect transistor (FET) has 
been known since J.E. Lilenfeld’s patent of 1925. The theo- 
retical description of a FET made by Schockley in 1952 
paved the way for development of a classic electronic device 
which provides the designer with the means by which he can 
accomplish nearly every circuit function. The field-effect 
transistor earlier was known as a “unipolar” transistor, and 
the term refers to the fact that current is transported by 
carriers of one polarity (majority), whereas in the conven- 
tional bipolar transistor carriers of both polarities (majority 
and minority) are involved. » 


This Application Note provides an insight into the nature of 
the FET, and touches briefly on its basic characteristics, 
terminology and parameters, and typical applications. 


The following list of FET applications indicates the versa- 
tility of the FET family: 


Amplifiers Switches Current Limiters 
Small Signal Chopper-type Voltage-Controlled 
Low Distortion Analog Gate Resistors 

High Gain Commutator Mixers 

Low Noise Oscillators 
Selective 

D.C. 

High-Frequency 


This very wide range of FET applications by no means implies 
that the device will replace the more widely-known bipolar 
transistor in every case. The simple fact is that FET charac- 
teristics — which are very different from those of bipolar 
devices — can often make possible the design of technically 
superior (and sometimes cheaper) circuits. This comment 
applies not only to networks employing discrete devices and 
conventional components such as resistors and capacitors, 
but also extends to both linear and digital integrated circuits. 
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In fact, FET technology today allows a greater packaging 
density in large-scale integrated circuits (LSI) than would 
ever be possible with bipolar devices. 


(Although there is no industry-accepted definition of LSI, 
apparently when the equivalent circuit of an IC contains 
more than 1,000 active elements (500 gates) or is “very com- 
plex’’, the end product may be called LSI. With a typical 
LSI chip measuring less than 200 x 200 mils; this is high- 
density packaging indeed.) 


The family tree of FET devices (Figure 1) may be divided 
into two main branches, junction FETs (JFETs) and Insula- 
ted Gate FETs (or MOSFETs, metal-oxide-silicon field-effect 
transistors). Junction FETs are inherently depletion-mode 
devices, and are available in both P- and N-Channel con- 
figurations. MOSFETs are available in both enhancement or 
depletion modes, and exist as both N- and P-Channel devices. 
The two main FET groups depend on different phenomena 
for their operation, and will be discussed separately. 


FIELD EFFECT 
TRANSISTORS 
INSULATED 
GATE 

| ENHANCE. 
DEPLETION aaa 
P-CHANNEL| |N-CHANNEL] | P-CHANNEL 
1 2 5 


FET Family Tree 
Figure 1 
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In its most elementary version, this transistor consists of a 
piece of high-resistivity semiconductor material (usually sili- 
con) which constitutes a channel for the majority carrier 
flow. The magnitude of this current is controlled by a volt- 
age applied to a gate, which is a reverse-biased PN junction 
formed along the channel. Implicit in this description is the 
fundamental difference between FET and bipolar devices: 
when the FET junction is reverse-biased the gate current is 
practically zero, whereas the base current of the bipolar tran- 
sistor is always some value greater than zero. The FET isa 
high input resistance device, while the input resistance of the 
bipolar transistor is comparatively low. If the channel is 
doped with a donor impurity, N-type material is formed and 
the channel current will consist of electrons. If the channel 
is doped with an acceptor impurity, P-type material will be 
formed and the channel current will consist of holes. N-Chan- 
nel devices have greater conductivity than P-Channel types, 
since electrons have higher mobility than do holes; thus N- 
Channel FETs tend to be more efficient conductors than 
their P-Channel counterparts. 


Junction FETs are particularly suited to manufacture by 
modern planar epitaxial processes. Figure 2 shows this pro- 
cess in an idealized manner, First, N-type silicon is deposited 


. ee el (A) P-type silicon substrate 


(B) N-type silicon layer de- 
posited epitaxially 


Impurity diffused in to 
start isolation region 


More impurity diffused 
in to complete isolation 
and form N-type channel 


SOURCE 


(E) Final form taken by FET: 
with N-type channel em- 
bedded in P-type sub- 
strate 


idealized Manufacture of an N-Channel Junction FET 
Figure 2 


epitaxially (single-crystal condensation surface) onto mono- 
crystalline P-type silicon, so that crystal integrity is main- 
tained. Then a layer of silicon dioxide is grown on the sur- 
face of the N-type layer, and the surface is etched so that an 
acceptor-type impurity can be diffused through into the 
silicon. The resulting cross-section is shown in Figure 2C, and | 
demonstrates how a P-type annulus has been formed in the 
layer on N-type silicon. Figure 2D shows how a further 
sequence of oxide growth, etching, and diffusion can produce 
a channel of N-type material within the substrate. * 


In addition to the channel material, a FET contains two 
ohmic (non-rectifying) contacts, the source and the drain. 
These are shown in Figure 2E. Since a symmetrical geom- 
etry is shown in the idealized FET chip, it is immaterial 
which contact is called the source and which is called the 
drain; the FET will conduct current equally well in either 
direction and the source and drain leads are usually inter- 
changeable. 


(For certain FET applications, such as amplifiers, an asym- 
metrical geometry is preferred for lower capacitance and | 
improved frequency response. In these cases, the source and 
drain leads should not be interchanged.) 


Figure 2E also shows how the N-Channel is embedded in the 
P-type silicon substrate, so that the gate above the channel 
becomes part of this substrate. Figure 3 shows how the FET 
functions. If the gate is connected to the source, then the 
applied voltage (Vpg) will appear between the gate and the 
drain. Since the PN junction is reverse-biased, little current 
will flow in the gate connection. The potential gradient.| 
established will form a depletion layer, where almost all the 
electrons present in the N-type channel will be swept away. 
The most depleted portion is in the high field between the 
gate and the drain, and the least-depleted area is between 
the gate and the source. Because the flow of current along 
the channel from the (positive) drain to the (negative) source | 
is really a flow of free electrons from source to drain in the 

N-type silicon, the magnitude of this current will fall as more 

silicon becomes depleted of free electrons. There is a limit 

to the drain current (Ip) which increased Vpg can drive 

through the channel. This limiting current is known as Ingg 

(Drain-to-Source current with the gate Shorted to the 
source). Figure 3B shows the almost complete depletion of 

the channel under these conditions. 


Figure 3C shows the output characteristics of an N-Channel 
JFET with the gate short-circuited to the source. The initial 
rise in Ip is related to the buildup of the depletion layer as 
Vps increases. The curve approaches the level of the limiting 
current Ings when Ip begins to be pinched off. The physical 
meaning of this term leads to one definition of pinch-off 
voltage, Vp, which is the value of Vpg at which the maxi- 

mum Ipgg flows. | 
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DEPLETION 
LAYER 


(A) N-channel FET working below saturation (Vgs = 0). 
(Depletion shown only in channel region). 


DEPLETION 
LAYER 


(B) N-channel FET working in saturation region (VGs = 0) 


. | SATURATION REGION” 


BELOW | 
PINCH-OFF 
REGION 


Ves=0 


ID 


vp 


Yo$ = 


(C) tdealized output characteristic for Veg = 0. 


Figure 3 


In Figure 4, consider the case where Vpg = 0, and where a 
negative voltage Vcg is applied to the gate. Again, a deple- 
tion layer has built up. If a small value of Vpg were now 
applied, this depletion layer would limit the resultant chan- 
nel current to a value lower than would be the case for 
Vos = 0. In fact, at a value of |VGg| 2 |Vpl the channel 
current would be almost entirely cut off. This cutoff voltage 
is referred to as the gate cutoff voltage, and may be expressed 
by the symbol Vp or by Vos(off): Vp has been widely used 
in the past; but VGs(off) is now more commonly accepted 
since it eliminates the ambiguity between gate cut-off and 
drain pinch-off. VGS(off) and Vp, strictly speaking, are 
equal in magnitude but opposite in polarity. 


DEPLETION 
LAYER 


N-channel FET Showing Depletion Due To 
Gate-Source Voltage (Vps = 0) 
_ Figure 4 
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The mechanisms of Figure 3 and 4 react together to provide 
a family of output characteristics as shown in Figure 5A. 


The area below the pinchoff voltage locus is known as the | 


triode or “below pinchoff” region; the area above pinchoff 
is often referred to as the pentode or saturation region. FET 
behavior in these regions is comparable to that of a power 
grid vacuum tube, and for this reason FETs operating in the 
saturation region may be used as excellent amplifiers. Note 
that in the “below pinchoff’ region both Vgg and Vps 
control the channel current, while in the saturation region 
Vpg has little effect and Vgg essentially controls Ip. 


Figure 5B relates the curves of Figure 5A to the actual cir-. 


cuit arrangement, and shows the number of meters which 
may be connected to display the,conditions relevant to any 
combination of Vpg and Vgg. Note that the direction of 
the arrow at the gate gives the direction of current flow for 
the forward-bias condition of the junction. In practice, how- 
ever, it is always reverse-biased. 


/ ——Vpsl = |Vpl - IVes! 


BELOW PINCH-OFF Q / ABOVE PINCH-OFF 
Ipss F- — —— — — Ves =0 


Ip 


Ves VGSioff} 


~VDS 


(A) Family of output characteristics for N-channel FET 


'D 


(B) Circuit arrangement for N-channel FET 


Figure 5 


The P-Channel FET works in precisely the same way as does 
the N-Channel FET. In manufacture, the planar process is 
essentially reversed, with the acceptor impurity diffused 
first onto N-type silicon, and the donor impurity diffused 
later to form a second N-type region and leave a P-type chan- 
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nel, In the P-Channel FET, the channel current is due to hole 
movement, rather than to electron mobility. Consequently, 
all the applied polarities are reversed, along with their direc- 


| tions and the direction of current flow. Figure 6A shows the 


circuit arrangement fora P-Channel FET, and Figure 6B 
shows the output characteristics of the device. Note that the 
curves are shown in another quadrant than those of the N- 


‘Channel FET, in order to stress the current directions and 


er involved. 


In summary, a ‘gnetion FET consists eeentially of a chan- 
nel of semiconductor material along which a current may 
flow whose magnitude is a function of two voltages, Vps 
and Vqg. When Vypgj is greater than Vp, the channel current 
is controlled largely by Vgg alone, because Vg is applied 
to a reverse-biased junction. The resulting gate current: is 
extremely small. | 


Vv 
DS ———> Vp 


Ves—> VGsioff) 


ABOVE PINCH-OFF G| . BELOW PINCH-OFF 
{~—|Vps| = |vp| - |Ves| 


(B) Family of output characteristics for P-channel FET 


Figure 6 


MOSFETs 


The metal-oxide-silicon FET (MOSFET) depends for its 
operation on the fact that it isnot actually necessary to form 
a semiconductor junction on the channel of a FET in order 
to achieve gate control of the channel current. Instead, a 
metallic gate may be simply isolated from the channel by a 
thin layer of silicon dioxide, as shown in Figure 7A. Although 
the bottom of the insulating layer is in contact with the P- 
type silicon substrate, the physical processes which occur at 
this interface dictate that free electrons will accumulate at 
the interface, spontaneously forming an N-type channel. 
Thus a conducting path exists between the diffused N-type 
source and drain regions. Further, the MOSFET will behave 


INSULATING 
LAYER 


SUBSTRATE _ 


(A) tdealized cross-section through an N-channel depletion- 
type MOSFET 


(B) Circuit arrangement for N-channel depletion MOSFET 
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(C) Family of output characteristics for the 
2N3631 N-channel depletion MOSFET 


Figure 7 


in a manner similar to the N-Channel junction FET whena 
voltage of the correct polarity is applied to the channel, as 
in Figure 7B. 


Output characteristics of an N-Channel MOSFET are shown 
in Figure 7C. Because there is no junction involved, Vcg 
can be reversed without engendering a gate current; the gate 
may be made either positive or negative with respect to the 
source. Under these circumstances, still more free electrons 
will be attracted to the channel region, and Ip will become 
greater than Ipgs- This mode of operation is represented by 
the higher members of the family of ourput characteristics. 
Because the application of a negative gate voltage causes the 
channel to be depleted of free electrons — thus reducing Ip) — | 
the device just described is called adepletion-mode MOSFET. 


The foregoing has’ established that the depletion-mode 


MOSFET is a “normally-ON” device: when Vg = 0, a con- 


ducting path exists between source and drain. In many cir- 
cuits a “normally-OFF”’ device would. be useful, a condition 
which leads to the concept of an enhancement-mode MOS- 
FET. In the latter device, an increasing voltage applied to the 
gate will enhance channel conduction, and depletion will 
never occur, Ip being zero when Vgg = 0. 
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A P-Channel enhancement-mode MOSFET is shown in Fig- 
ure 8. Here, an acceptor impurity has been diffused into an 
N-type substrate to form P-type source and drain regions. 
No conducting channel exists between the source and the 
drain, because no matter how the drain-source voltage is 


applied one of the PN junctions will always be reverse-biased. 


On the other hand, if a negative voltage is applied to the 
gate, a field will be set up in such a direction as to attract 
holes into the upper layer of the substrate and produce a 
P-type channel. A family of output characteristics for a 
typical MOSFET is shown in Figure 8C. The idealized 
cross-section illustrated in Figure 8A may be used to show 
how the characteristics of Figure 8C come about. Refer 
to Figure 9 for an extension of this phenomenon. 


If a constant (negative) gate voltage, (Vos(x)) is applied, 
then an essentially-uniform P-Channel depletion layer will 
be induced, as in Figure 9A. If a negative drain voltage is 


SUBSTRATE (OR BODY) 
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(A) !tdealized cross-section through a P-channel enhancement 
MOSFET 


ID 


Vos 
VGs=-1V 


-2V 


-4V 


-6V 


-9V 


(C) Family of output characteristics for a P-channel enhance- 
ment MOSFET 


Figure 8 


applied, then current, Ip, will flow through the drain. As 
[Vpsl increases, Ip also increases. However, the voltage 
between the drain and the gate decreases, so that the thick- 
ness of the channel at the drain end is reduced as in Figure 
9B. Therefore, the relationship of Ip versus Vpg will even- 
tually reach a limiting value when Vpg = Vas, and the 
channel becomes pinched off. This condition is shown in 
Figure 9C, 
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Different values.of Vgg give rise to limiting values of Ip; so 
that the characteristic family of output curves which was 
shown in Figure 8 is realized. Characteristics of depletion- 
mode MOSFETs also come about for the same reason, 
except that members of the output characteristics family 
also exist for Vgg values of zero or reversed polarity. The 
P-Channel enhancement-mode MOSFET is currently the 
most popular member of the FET family in current use, and 
is in fact the basic element in many LSI integrated circuits. 


Vps=0 


INDUCED 
(A) P-CHANNEL 
DEPLETION 
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idealized approach of pinch-off, 
(A) Vps = 0, (B) Nps!< Mes), (C) Vpsg!> Ves! 


Figure 9 
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FET Characteristics 


The FET enjoys certain inherent advantages over bipolar 
transistors because of the unique construction and method 
of operation of the field-effect device. These characteristics 
include: 


e Low noise 
@ No thermal runaway 


@ Low distortion and negligible intermodulation 


products 
e@ High input impedance at low frequencies 
@ Very high dynamic range (> 100 4B) 
e@ Zero temperature coefficient Q point 


e@ Junction capacitance independent of device current 


The transfer function of a FET approximates to a square- 
law response, and the second and higher-order derivatives of 
Zm are near zero; thus strong second and negligible higher- 
order harmonics are produced. Intermodulation products 
are extremely low. 


The input impedance of a FET is simply the impedance of a 


reverse-biased PN junction, which is on the order of 1019 to 
10!2 Q. In practice, the input impedance is limited by the 
value of the shunt gate resistor used in a self-bias common- 
source circuit configuration. At RF frequencies, the input 
impedance drop is proportional to the square of the fre- 
quency; for example, in a2N4416 FET, the input impedance 
would be 22K Q at 100 MHz. Also, the input susceptance 
increases linearly with frequency, since it is a simple para- 
sitic capacitance. 


The FET has very high dynamic range, in excess of 100 dB. 
Thus it can amplify very small signals because it produces 


_very little noise, or it can amplify very large signals because 


it has negligible intermodulation distortion products. It also 
has a zero temperature coefficient bias point (zero TC point) 
at which changes in temperature do not change the quiescent 
operating point. 


Junction FET capacitances are more constant over wide cur- 
rent variation than are the same parameters in a bipolar 
device. This inherent stability allows high-frequency (VHF 
through L-band) oscillators to be built which are far more 
stable than oscillators using low-frequency crystals and 
multiplier stages. 


FET Terminology and Parameters 


Any introduction to the nature, behavior, and applications 
of field-effect transistors requires that certain questions be 
answered on FET electrical quantities and parameters — in 
particular, the most important parameters, and the means 
by which they can be measured. The following discussion 
will define specific FET parameters and their associated 


| subscript notations, and present basic test circuits and 


results. 


Major parameters include: 


© Ipgg — Drain current with the gate shorted to the 
source | 


© Vos(oft) — Gate-source cutoff voltage 


® Icsgsg — Gate-to-source current with the drain shorted 
to the source 


® BVcsg — Gate-to-source breakdown voltage with the 
drain shorted to the source 


® g¢,— Common-source forward transconductance 
@ C,, — Gate-source capacitance 


® Cyq — Gate-drain capacitance 
Special attention should be given to the subscript “‘s” be-- 
cause it has two different meanings and three possible uses. 
In FET notations, an “ss” for the first or second subscript 
identifies the source terminal as a node point for voltage 
reference or current flow. However, when using triple sub- 
script notation, an “s’ for the third subscript does not refer 
to the FET source terminal. It is an abbreviation for “‘short- 
ed”, and signifies that all terminals not designated by the 
first two subscripts must be tied together and shorted to the 
common terminal, which is always the second subscript. 
Therefore, the term Iggg refers to the gate-source current 
with the drain tied to the source. 


Because of the typical low input and output admittance of 
the FET, four-pole admittance equations are commonly used 
to describe electrical characteristics of the FET: 


1) =Y41 Vyit Y21 V2 | (1) 


When Y,1, Y21, Yj2 and Y>5 are defined as the input, 
reverse transfer, forward transconductance, and output 
admittances respectively, Equation 1 reduces to 


1) =Yi Vit Yr V22 a 
1I2=Yf Vit Yo V22 


For a three-lead FET, 11 usually corresponds to the gate- 
source terminal and 22 corresponds to the drain-source 
terminal (i.e., the device is connected in the common-source 
mode), Thus 


li =Yis Vest Yrs Vds 


lo = Yfs Vos t Yos Vds 


(3) 


Here, the second subscript for the y parameters designates 
the source lead as the common or ground terminal. 
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Ipss — Drain Current at Zero Gate Voltage (Ip at Vos = 9) 


By itself, Ipngg merely refers to the drain current that will 
flow for any applied Vpg with the gate shorted to the source. 
However, when a particular value for Vpg is given, equal to 
or greater than Vp (see Figure 10), Ipgg indicates the drain 
saturation current at zero gate voltage. Some FET data 
sheets label Ingg for Vpg greater than Vp as Incgn)- 


SATURATION REGION 


Ip - DRAIN CURRENT 


Vv 
id Vps - DRAIN SOURCE VOLTAGE 


FET Characteristic at Vg@s = 0 
Figure 10 


VGS(off) — Gate-Source Cutoff Voltage 


The resistance of a semiconductor channel is related to its 
physical dimensions by R = pL/A, where 


p = resistivity 
L = length of the channel 
A=W xT = cross-sectional area of channel 


In the usual FET structure, L and W are fixed by device 
geometry, while channel thickness T is the distance between 
the depletion layers. The position of the depletion layer can 
be varied either by the gate-source bias voltage or by the 
drain-source voltage. When T is reduced to zero by any com- 
bination of Vgg and Vpg, the depletion layers from the 
opposite sides come in contact, and the a-c or incremental 
channel resistance, rpg, approaches infinity. As earlier noted, 
this condition is referred to as “pinch-off” or “cutoff” be- 
cause the channel current has been reduced to a very thin 
sheet, and current will no longer be conducted. Further 
increases in Vps (up to the junction reverse-bias breakdown) 
will cause little change in Ip. Accordingly, the pinch-off 
region is also referred to as the pentode or “constant-cur- 
rent”’ region. 


In Figure 10, pinch-off occurs with Vcg = 0. In Figure 11, 
Vos controls the magnitude of the saturated Ip, with in- 
creases in Vg resulting in lower values of constant Ip, and 
smaller values of Vpg necessary to reach the “knee” of the 
curve. The current scale in Figure 11 has been normalized to 
a specific value of Ings. 
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!p/Ipss - NORMALIZED DRAIN CURRENT, 


Vps - DRAIN SOURCE VOLTAGE (VOLTS) 


FET Ip vs Vp Output Characteristics 
Figure 11 


The knee of the curve is important to the circuit designer 
because he must know what minimum Vpg is needed to 
reach the pinch-off region with Vgg = 0. When appropriate 
bias voltage is applied to the gate, it will pinch off the chan- 
nel so that no drain current can flow; Vpg has no effect 
until breakdown occurs. The specific amount of Vgg that 
produces pinch-off is known as the gate-source cutoff voltage, 


VGS(off): 


VGs(off) Test Procedure 


Although the magnitude of VGS(off) is equal to the pinch- 
off voltage, Vp, defined by the pinch-off knee in Figure 10, 
rapid curvature in the area makes it difficult to define any 
precise point as Vp. Taking a second derivative of Vps/Ip 
would yield a peak corresponding to the inflection point at 
the knee, which approximates Vp. However, this is not a 
simple measurement for production quantities of devices. A 
better measure is to approach the cutoff point of the Ip 
versus Vcg characteristic. This is easier than trying to specify 
the location of the knee of the Ip versus Vpg output 
characteristic. 


A typical transfer characteristic Ip versus Vgg is shown in 
Figure 12. The curve can be closely approximated by 


Ip = Ipss (4) 
= 
2 
uy 
jag 
eg 
> 
oO 
= 
<4 
a 
a) 
a 
Lu 
N 
ar 
<¢ 
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o 
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” 
= 
5 
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Vgs - GATE-SOURCE VOLTAGE (VOLTS) 
Typical Ip vs Vgg Transfer Characteristic 
Figure 12 
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Equation 4 and Figure 12 indicate that at Vgg = VGS(off)> 
Ip = 0. Ina practical device, this cannot be true because of 
leakage currents. If Ip is reduced to less than 1 percent of 


Inss: VcGs will be within 10 percent of the VGgco¢f) value 


indicated by Equation 4. If Ip is reduced to 0.1 percent of 
Ipgg, the indicated Vos(off) error will be reduced to about 
3 percent. For a true indication of VGg(off), and a realistic 
picture of the parameters of Figure 12, care must be taken 
that leakage currents do not result in an error in the Ves( off) 
reading. Typically, at room temperature, | percent of Ings 
is still well above leakage currents but is low enough to give 
a fairly accurate value of VGS(off): 


A typical circuit for measuring VGsioffy is shown in Figure 
13. At Vag = 0, the value of Ipgg can be measured. Then, 
by increasing Vgg until Ip is 0.01 percent of Ipgg, the value 
of Veg(off) is obtained. From a production standpoint, it 
is more convenient to specify Ip at some fixed value (such 
as 1 nA), rather than as a certain percentage of Ings. Thus 
a pinchoff voltage specticanion may be given as indicated in 
Table I. 


Circurt for Measuring VGS(OFF) 
Figure 13 


Table ! 
Typical Pinch-Off Voltage Specification 


Characteristic [Min | Max | Units 


V GS(off) . Gate-source pinch-off voltage of: 
Vos = 5 V, Ip =—] LA 


Another method which provides an indirect indication of 
the maximum value of Vggioff) is shown in Table II. The 
characteristic specified is Ip(o¢fy, whereas the parameter of 
interest is Vg = 8 volts. The specification does say that the 
maximum VGS(off) is approximately 8 volts, but no pro- 
vision is made for stating a minimum VGs(off)> as was done 
in Table I. Therefore, another test must be made if 


VGS(off) (min) is to be specified. 


Table II 
Indication of Maximum Vp 


Characteristic Test Conditions 


IDloff) Pinch- off Vos =-12 a 
drain current Vos =8V 
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Igss- Gate-Source Cutoff Current 


The input gate of a P-Channel FET appears as a stints PN 
junction; thus the input d-c input characteristic is analogous 
to a diode V-I curve, as is shown in Figure -14. 


BVGSS 


Ig - GATE CURRENT (uA) 


-10 10 20 30 40 
VGs - GATE VOLTAGE (VOLTS) 


-1 


P-Channel FET Input Gate Characteristic 
Figure 14 


In the normal operating mode, with Vcg positive for a P- 
Channel device, the gate is reverse-biased to a voltage be- 
tween zero and Vggoffy. This results in a d-c gate-source 
resistance which is typically more than 100M Q2. The gate 
current is both voltage- and temperature-sensitive. Figure 
15 shows this relationship for IGgg versus temperature and 


Vas. 


Igss IS NORMALIZED TO VALUE AT 
Ta = 25°C AND Vgg = 30 V 


RELATIVE Igss 


125 150 
Ta - AMBIENT TEMPERATURE (°C). 


IGss vs Temperature 
Figure 15 


If the gate-source junction becomes forward-biased, (nega- 
tive voltage in a P-Channel device) or if Vqg exceeds the 
reverse-bias breakdown for the junction, the input resistance 
will then become very low. 


The FET is normally operated with a slight reverse bias 
applied to the gate-source; hence a good measure of the d-c 
input characteristic is to check the gate current at a value 
of gate-channel voltage that is below the junction break- 
down rating. In device evaluation, there are three common 
measurements of gate current: Ino, Igso, and the com- 
bined measurement IGgg. These measurement circuits are 
shown in Figure 16. 
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The question is, should IGpog and Iggo be measured 
separately, or will one measurement of Iggg suffice? One 
thing is certain: Iggg +t IGno > IGssg, because the drain 
and the source are not completely isolated. They are, in 
fact, electrically connected via channel resistance. For most 
FETs, if Vc is greater than VGS(off)> the difference between 
(Igso + Igpo) and Iggg is small; therefore, the measure- 
ment of Iggg is a realistic means of controlling both Igno 


and Icso: 


Ina circuit, VGp may be biased between zero and BVcpg, 
while Vgg will be between zero and Vogoff): therefore, 
Ig is not necessarily the same as IGgg. 


BVgGss — Gate-Source Breakdown Voltage 


FET input terminals have been previously described as having 
NP or PN junctions, depending on the channel material. As 
such, the junction breakdown voltage is a necessary 
parameter. 


A useful equivalent circuit for a FET is the distributed con- 
stant network shown in Figure 17, for a P-Channel FET. If 
an N-Channel device is being evaluated, the diodes would be 
reversed, In most applications, the gate-drain voltage ‘is 
greater than the gate-source voltage; thus the gate-drain 
breakdown rating is most important. However, it is also pos- 


a IGss (\— 
VG VG 


Three Common Measurement of Gate Current 
Figure 16 ~ 


__ 


SOFT KNEE (FAILING) 


sible to consider the gate-source junction breakdown and 
the apparent. drain-source breakdown (i.e., in Figure 17, 
when a high negative voltage is applied from drain to source, 
CR, will break down while CR, becomes forward-biased). 


Some device manufacturers use a BVGpo ‘ating, which 
means they are only checking diode CR,. A better method 
is to use a BVGgg rating (gate-source breakdown with the 
drain shorted to the source), because it checks both CR 
and CR,, in addition to exposing the weakest breakdown 
path along the entire gate-channel junction. The BVGgg test 
also allows the user to interchange source and drain lead con- 
nections without worry about device breakdown ratings. 


Admittedly, a BVggg test will reject some units which 


might pass a BVGpo test; the number rejected, however, : 


will be insignificant compared to the advantage of providing 
symmetrical operation. 


Test Procedures for BVgss 


Junctions may break down softly or sharply; junctions with 
soft knee breakdown are undesirable. Without examining 


each individual unit on a curve tracer, devices with a soft 


knee may be eliminated by selecting a low current level for 
breakdown measurement (see Figure 18). 


GATE DRAIN 


A Useful FET Equivalent Circuit 


Figure 17 


SHARP BREAKDOWN 


Examples of Soft Knee and Sharp Knee Breakdown 
Figure 18 
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8f, — Transconductance 


Transconductance, gr, is a measure of the effect of gate 


| voltage upon drain current: 


Alp 


8fs = AVGs ° Vps = constant (5) 


The interrelation of gp, to the parameters Ipgg and 
VGS(OFF) should be noted. Equations 4, 6 and 7 describe 
the value of Ip and ge, in a FET for any value of Vos 
between zero and VGS(OFF)- 


VcGs 
8fs = 8fso |} - VGS(off) (6) 
2IpDss 
fo 8G So 7 
fso V GS(off) (7) 


where gfco is the value of gp, at VGg = 0 and Ipgg is the 


| value of Ip at Vgg = 0. With these equations, the value of 


gr, can be calculated with a fair degree of accuracy (20: per- 
cent) if Ingg and Vggoffy are known. 


Figure 19 shows normalized curves for Ip and ge, as func- 
tions of Vgg in a P-Channel FET. These curves were ob- 
tained from actual measurements on typical diffused chan- 
nel FETs, such as the 2N2606. The curves agree very well 
with Equations 4 and 6 until VGg(offy is approached. For 
these curves, VGg(off) Was assumed to be the value of Vgg 
where Ip/Ipss = 0.001. 


ED ES EE CR SRD CATT 


| 


Ofs/Gfs 


KA 


a | 


° 
+ | 
rll 


Ves/VeEsioff) 


Normalized Curves for Ip and g¢, 
as Functions of Vgs 
Figure 19 


The drain current of a JFET operating in the triode (below 
pinch-off) region can be accurately predicted by using Equa- 


| tion 8, where 


% 
Vps 8) 


Ip/triode = Ipss VGs(off) 
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Specifications for gp, are shown in Tables III and IV. Note 
that there is a difference in the test conditions specified for 
the N-Channel 2N3823 and the P-Channel. 2N3329. The gate | 
voltage for the 2N3823 is established as zero. This means 
that gr, is measured at Ip =Ipgg, as in Table III. 


Table It (2N3823) 


Characteristic Test Max — 
Conditions 
ve ae a 
_ Table IV (2N3329) 


V GS = 0, 
T 
Characteristic ie 
Conditions 


f=1kHz 
Vf, Common-source 
forward transfer 
admittance 


Ofs Small-signal common- 
- source forward 
transconductance 


The test conditions shown in Table IV specify a certain 
value for Ip (-1 mA for the 2N3329). This means that for 
each unit tested, Vgg is adjusted until Ip equals the speci- 
fied value. The conditions specified in Table II simplify 
testing of the gr. parameter by eliminating the necessity of 
adjusting VGg. Figures 20 and 21 show typical test setups 
for the two methods. 


Test Circuit for gg, with Vgs = 0 
Figure 20 . 


~= Vos 


1ke l 


Test Circuit for g¢, with Ip Specified 
Figure 21 
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Junction FET Capacitances 


Associated with the junction between the gate and the chan- 
nel of a FET is a capacitance whose value and geometric 
distribution are functions of the applied voltages VGg and 
Vps- Because of the complexity of dealing with such a 
distributed capacitance, a simplification is made so that two 
lumped capacitances, Cg, and Coq, exist between the gate 
and the source and drain, respectively. (A much smaller 
capacitance, Cy,, also exists between the drain and the 
source, stemming mainly from the device package; this 
header capacitance is small enough so that it can be ignored 
for most purposes.) 


Data sheets quote C,, and C4 (or other capacitances from 
which they may be derived) for specified operating condi- 
tions. Occasionally, graphs are included which show the 
variations of Cg, and Cyq as the result of changing condi- 
tions of Vps, Vgg and temperature. If these data are not 
presented, an estimate of inter-electrode capacitance values 
may be made by assuming that these values vary inversely 
with the square root of the bias voltage. The temperature 
variations will be very small, because they depend on the 
—2.2 mV/°C change in junction potential difference. 


Assuming that the FET is properly biased — that is, that the 
d-c conditions are met by the external circuitry — it is pos- 
sible to construct an incremental equivalent circuit from 
which the small-signal or a-c performance may be predicted. 
Such an equivalent circuit is shown in Figure 22. 


Cgss = Ciss = Cgs a Cod 
Coss = Cgd + Cds = Cad = Crss 


Incremental Equivalent Circuit for the Junction FET 
Figure 22 


The equivalent capacitance from the gate to the source, Cg., 
is shunted by a very large input resistance, rg., with both of 
these parameters being characteristic of a reverse-biased 
junction. Similarly, the equivalent capacitance from the gate 
to the drain is shunted by the very large resistance Ted: (For 
most purposes, Ip¢ and Igq may be neglected, and the gate 
impedance of the FET treated as pure capacitance). At the 
drain side ot the equivalent circuit the small capacitance 
Ca s— which stems from the header material — is. shunted by 
the incremental channel resistance, rg,. This resistance is 
capable of wide variations, depending on bias conditions. 
Since the equivalent circuit is fundamentally relevant to the 
pinch-off or saturated condition, rg, will be on the order of 
megohms. 
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The incremental channel current is given by the transcon- 
ductance, gro, multiplied by the incremental gate voltage. 
For the small signal, vg,, this is manifested in the equivalent 
circuit by the current generator gr.vg.. Notice that the con- 
ventional direction of flow of this current is such that ig 
flows into the FET, in a “positive” direction. 


Many circuits can be designed around the equivalent circuit 
for the junction FET. The actual values of gfs adn rds can 
be measured as previously mentioned; there remains only 
the requirement to establish the methods of determining | 
Cgs and Coq. 


First, assume that the FET is in operation and that thedrain 
is connected to the source via a large capacitor, i.e., the 
drain and source are short-circuited to a-c. Under these cir- 
cumstances, a capacitance measurement between the gate 
and the source will give 


Cgss (or Ciss) = Cgs + Cod (9) 


Second, assume that the gate and source are short-circuited. 
to a-c in a similar manner. A capacitance measurement be- 
tween the drain and the source will now give 


Cdss (or Coss) © Cgd (10) 


The alternative symbols Cjss and Cosg simply refer to mea— 
surements made at the input (gate) and the output (drain) 
respectively. An alternative symbol for Cgq is Crss, which 
refers to the “‘reverse” capacitance. 


In data sheets, it is customary to state (= Cjss) Cgsg and 
Cdss (= Coss)- Crsg is often given in place of Cogs because 
if Cds < Cogs, which is usually the case, then Crgg = Cogs . 
Equations (9) and (10) can be used in those instances where 
it is necessary to extract Cgs and Coq, as in 


Cgs = Ciss - Cgd = Ciss - Crs (11) 
and 
Cod = Crss (12) 


Remember that all capacitance measurements should be 
made at the same bias levels, since the capacitances are func- 
tions of applied voltages. To indicate the order of the capa- 
citances to be found in a junction FET, consider the values 
given in the data sheet for the Siliconix J202 N-channel 
FET. They are given as 


Ciss (at Vps = 20 V and f = 1 MHz) = 5 pF max. 
and 

Crss (at Vps = 20 V and F = 1 MHz) = 2 pF max. 
Hence, at a drain-source voltage of 20 V and a frequency of 
1 MHz, Cgs = 5 - 2 = 3 pF maximum. Even though the FET 


is physically symmetrical, bias conditions have forced the 
capacitances to be unequal. 
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APPLICATION NOTE 


Audio- Frequency Noise Characteristics 


INTRODUCTION 


The purpose of this application note is to identify and 
characterize audio frequency noise in junction field-effect 
transistors. Emphasis is placed on basic device character- 
istics rather than on end applications, since it is impor- 
tant for the circuit designer to know the salient noise 


behavior of the FET, and how those characteristics may be 


specified by production-oriented test parameters. 


| Defining FET Noise Figure 


For analysis, it is convenient to represent noise in a FET 
by assuming that an ideal noise-free device has two external 
noise sources, ey and ij in. These noise sources are chosen 
to have the same output as would an actual noisy FET. An 
equivalent circuit is shown in Figure 1. 


NOISE-FREE FET 


Representing Noise in an Ideal FET 
Figure 1 


of Junction FETs 


factor, a source resistor Rg, with a thermal noise voltage 
ey, is added to the circuit. | 


A noise factor (F) may be defined as 


P= Total available output noise power - 
Noise power at output due to thermal noise of Rg 
or 


Noise power output due to Re + noise power out- 
put due to FET 


Noise power output due to Rg 
or 


r Noise power output due to FET 
Noise power output due to Rg 


Or 


Gain X noise power of FET referred to input 
Gain X noise power due to Rg 


or 


, Noise power of FET referred to input 
Noise power due to Rg 


The thermal noise voltage across Rg is) 


ep = V4kTRGB () 


where k = 1.380 x 103 Joules/°K (Boltzmann’s Constant), 
T = temperature in °K, and B= pandwidtte in Hz. Therefore 
noise power due to Rg is 


A noise factor (F) is a Figure of Merit of a device with er _ 4kTRGB _ ) ne 
respect to the resistance of a generator. To calculate a noise Rg Re 4kTB ~ (2) 
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The noise power of the FET referred to the input is 


2 
en ? 
Ro + in? : Rg (3) 


When expressions for the noise power of both the FET and 
Rg are substituted, the noise factor becomes 


F=1+ en’ + in?Rg? (4) 
4kTRGB 

A noise figure (NF) expressed in dB indicates the presence 

of added noise power from the FET or another active 

device. The noise figure is always given with reference toa 

standard, specifically the generator resistance Rc: 


NF = 10 logig [F] | | (S) 


The noise figure of the FET is 


2+in?R 
a aera! dB (6) 


NF= 10 logyg |: + 4KTR-B 


When junction FET noise is expressed in terms of the noise 
figure (NF), an inherent disadvantage arises in that the 
noise figure value is dependent upon the value of the gen- 
erator resistance, Rc. Therefore, the ey, iy method re- 
mains as the best way to quantitatively express the noise 
characteristics of the FET itself. 


Describing J unction FET Noise Characteristics 


Junction FET en and ‘in, characteristics are frequency- 
dependent within the audio noise spectrum, and take a form 
as shown in Figure 2. 


1/f" OR FLICKER GENERATOR 
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10 100K 


ey — EQUIVALENT SHORT-CIRCUIT INPUT 


f — FREQUENCY (Hz) 
Characteristics of Junction FET Noise 


Figure 2 


en, the equivalent short circuit input noise voltage (with 
the exception of the 1/f" region), is defined as(2) 


en = V4kTRNB (7) 
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where Ry = 0.67/8¢., the equivalent 
resistance for noise. The en, except in the 1/f region, 
closely approximates the equivalent thermal noise voltage 
of the channel resistance. 


In the so-called 1/f™ region, ey is expressed as _ 
en = V4KRyBC(1 + f,/£") (8) 


where n varies between 1 and 2 
and is device- and lot-oriented. 


The characteristic bulge in ey in the 1/f" region has been 


observed to some extent in all junction FETs submitted to 
test. The breakpoint or corner frequency shown as f, in’ 


Figure 2 is lot- and device design-oriented, and varies from 
about 100 Hz to 1 kHz. 


As indicated in Equations (7) and (8), ey is inversely pro- 
portional to the square root of the transconductance of the 
FET (ex & 1/x/gp,). ex can be lowered by a factor of 
1/\/N if N devices with matched electrical characteristics 
are connected parallel. For example, when 


N=2 _ (9) 
let 

en1 = &n2 (10) 
and let 
—-Bfs1 = 8fs2 (11) 
Thus, 

8f, TOTAL = 2 Sfsl or 2 &fs2 (12) 


From Equation (7) 


en1 = V4kT(0.67/g¢,1)B (13) 


and 

eyrorabt J4KT(O. 77851 (14) 
Thus, 

G3 i= 
_ eNTOTAL = 5 ent (15) 


A second way to achieve low en is to use a device with a 
large gate area. Empirically, en is avery proportional to 
2 square of the gate area (ey = | Ac? ), independent of 

s: This large gate area philosophy has been followed in the 
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design of the Siliconix 2N4867A FET, and noise perfor- 
mance of the device is discussed later in this Application 
Note. A major advantage of this type of design is that ex is 
significantly lowered and iy also remains at a low value. 


The equivalent open-circuit input noise current, in, with the 
exception of the shot noise region shown in Figure 2, is due 
to thermally-generated reverse current in the gate channel 
junction. It is defined as 


‘in = 4/ 2qIGB (16) 


where q = 1.602 x 107!9 
coulomb (the magnitude of the electron charge), Ig is the 
measured DC operating gate current in amperes, and B is 
bandwidth in Hz. The expression is accurate only when the 
measured gate current is the result of bulk device conduc- 
tance. It is possible for the measured gate current to be due 
to conductance stemming from contamination across the 
leads of the semiconductor package. 


At higher frequencies, as in the shot noise region shown in 
Figure 2, in can be approximated as being equal to the 
Nyquist ther: il noise current generated by a resistor: 3) 


=~ _ /4kTB 


(17) 


where R, is the real part of the 


| gate-to-source input impedance. The breakpoint or corner 


frequency f> in Figure 2 is lot- and device design-oriented 
and can vary from 5 kHz to 50 kHz. 


Another form of noise found in junction FETs is known as 
“popcorn” or burst noise; the term popcorn noise was origi- 
nated in the hearing aid industry because of noise or level 
shifts which are present in input stages, and which resemble 


| the sound of corn popping. 


Popcorn noise is a form of random burst input noise cur- 
rent which remains at the same amplitude, and which is con- 
fined to frequencies of 10 Hz or lower. The suitability of a 
FET device is dependent on the amplitude of the burst, its 
duration, and its repetition rate. The origins of popcorn 
noise are not completely identified, but are believed to be 


| caused by intermittent contact in aluminum-silicon inter- 


faces and by contaniination in the oxidation processes. 


A test circuit to measure popcorn noise in differential 
junction FET amplifiers is shown in Figure 3. In practice, 
popcorn noise is evaluated on an engineering basis, and not 
on a production-line basis. No correlation between 1/f" 
noise at 10 Hz and popcorn noise has yet been found in 
junction FETs. However, if the amplitude of the burst is 
large and occurs frequently, then 1/f" noise voltage (en) 
is masked and difficult to evaluate at 10 Hz. 
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Test Circuit to Measure Popcorn Noise 
Figure 3 


The graph in Figure 4 shows “moderate” burst noise ob- 
served in a group of junction FET differential amplifiers 
which were measured in the test circuit. 


DC (AVgs/AT) 
DRIFT ONLY 


Popcorn Noise in Differential Amplifiers 
Figure 4 . 
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Operating Point Considerations 


Unlike bipolar transistors, where en and iy characteristics 
vary directly with change in collector current (Ic), similar. 
characteristics in junction FETs will vary only slightly as 
drain current (Ip) is varied. This is true so long as the FET | 
is biased so that the drain-source voltage is greater than the 
pinch-off voltage (Vps > Vp or Vosc off): 


The ey in junction FETs will be lowest when the devices 

are operated at Vag = 0 (Ip = Ings), where transconduc- 

tance (g¢,) is at its highest value. This will be true only if 

device dissipation is maintained very low in relation to the | 
total dissipation capability of the FET. 
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The curves in Figure 5 illustrate changes in en as the oper- 
ating drain current (Ip) is varied. Note that the lowest ey 
did not occur at Vag = 0, because of high power dissipa- 
tion and a resultant rise in junction temperature at the 
operating point. 


2N4392 Ipss = 35 mA 5 
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en Changes vs Ip Variations 
Figure 5 


The optimum (lowest) iny in depletion-mode junction FETs 
should occur at Vog = 0 (Ip = Ipgs). In practice, very 
little change will be seen in iq when the operating point is 
changed, provided that the drain-gate voltage is maintained 
below the gate current (Ig) breakpoint and power dissipa- 
tion is kept at a low level. The curves in Figure 6 illustrate 
in characteristics as a function of drain-gate voltage at 
points below, on, and above the Ig breakpoint voltage. 
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in Characteristics as Function of Drain-Gate Voltage 
Figure 6 


In circuit design, particular attention must be paid to drain- 
gate voltage (VpG) to minimize gate current (IG) under 
operating conditions. The critical drain-gate voltage (Ig 
breakpoint voltage) can be anywhere from 8 to 40 V, 
depending on device design. Gate operating current (Ic) 
should not be considered equal to gate reverse current 
(IGgg) in linear amplifier applications. IGgg is only an indi- 
cation of reverse-biased junction leakage under non-oper- 
ating conditions. The Curves in Figures 7 and 8 show how 
Ig breakpoint is related to basic device design. Device 
designs with a high gr./Cj,. ratio have low breakpoint volt- 
ages, typically at Vypg = 10 V, whereas high uw devices 
(u = Ts * Sfs). have much higher Ig breakpoints, typically 
Vpg = 20 - 30 V. 


Siliconix 


-10 —— 


2N3822 Ta 
(NRL GEOMETRY) 
HIGH » TYPE 


25° 


a 


SON 


Ig — GATE CURRENT (nA) 
S 
Nt 
Ss 


r 


ISS 


-0.01 


VpgG — DRAIN-GATE VOLTAGE (VOLTS) 


Gate Operating Current vs Drain-Gate Voltage 
Figure 7 


(NZF GEOMETRY} ot 
HIGH gm/Cigg TYPE >|] 


Ig @Ilp=5mA pa oe TmA 


~100 


-1.0 


it 
Vii 
MACHA 


-.01 


1G — GATE CURRENTS (nA) 


ill 


0 5 10 15 20 25 
Vp — DRAIN-GATE VOLTAGE (VOLTS) 


Gate Currents vs Drain-Gate Voltage 
Figure 8 


Characteristics of en and in at Low Temperature 


Three equations presented earlier ( (7), (16) and (17) ) 
show that ey and i in are temperature dependent. en and iy in 
are proportional to \/T, and both will be reduced if the 
temperature is lowered. In Equation (16), ‘in is propor- 
tional to VIG; Ig will halve for each temperature drop of 
10 to 11°C. €x is also proportional to VRN; where Ry = 
0.67/g¢,. Thus when ge, is increased, which is typical of 
junction FETs operating at low temperature, ey will 
also lower. 


In Figure 9, gr, has been plotted vs temperature for a sili- 
con junction FET, and the low temperature limitation 
caused by a dropoff in g¢, is clearly shown. 
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Gf, vs Temperature 
Figure 9 
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In connection with the plot of gy, vs temperature, note 
that the relationship can vary from approximately 0.2% to 
1% per degree C. The gs, slope depends upon the basic de- 
sign of the FET, and upon the proximity of the drain cur- 
rent operating point to [pz the zero temperature coeffi- 
cient point. 


The major application for junction FETs at low tempera- 
ture isin charge-sensitive amplifiers.©) For best performance 
in this type of application, a high g¢,/Cj., ratio is required. 

Recommended Siliconix FET types for such applica- 
tions are the 2N4416 (NH geometry) and the U311 
(NZA geometry). 


Test Measurements 


By definition, ey and ij are referred to the input of the 
device under test. To measure en, the test circuit shown in 
Figure 10 will prove useful. 


*Vpp 


TRUE RMS 
VOLTMETER 


MOUNT D.U.T. AND INPUT CIRCUITRY 
— IN SHIELDED ENCLOSURE 


Test Circuit to Measure e, en 
Figure 10 


The following procedure should be used to make the 
Cn test: 


1. Set tunable filter to required f,,,, and fhign- Ad- 
just oscillator to mean center frequency (fpean = 
[flow * fhigh] 1/2), 

2, Set Vygo to-100 mV with Switch 1 in position(T) 


Compute V,,,1 = 101 x0. = 10° V= 10uV. 


. _ Vout! _ 
3. Measure V,,,;41. Compute overall gain as A, = Va 
nee in 
Vout1 
10 pV- 


4. Set Switch 1 to position (2) and measure Vo)+9. 


Compute V; in2> the equivalent short-circuit input 
noise voltage (ey), using A, from Step 3. Vin2 = 


Vout?_ = 1 bandwidth f, f 
A, = ex in volts over bandwidth fioy, to high? 


An alternate method of performing the above test is to use 
a Quan-Tech Transistor Noise Analyzer consisting of a 
Model 2173 Control Unit and a Model 2181 Filter. The 
analyzer has provision for measuring ey; and determining 
NF with various values of Rg in FET and bipolar devices 
with selectable test conditions. The measuring system has a 
constant gain of 10,000. The analyzer records output noise 
at selected frequencies between 10 Hz and 100 kHz in the 
device under test, with the scale shown as the actual output 
divided by 10,000. This is then the output noise referred to 
the input. The equivalent bandwidth for testing is 1 Hz. 


There are certain instances where the test circuit or the 
Transistor Noise Analyzer are not-adequate to measure en 
at certain frequencies over certain bandwidths in the 1/f® 
region. The rms noise over a bandwidth from figw to fhigh, 
where there is a 1/f™ characteristic over the entire range, 
can be computed as 


ish) 1/2n 


fknown * In ( fie 


en= len known | . (18) 
Figure 11 represents this equation graphically. For example, 
en known = 70x 10°? V/,/Hz at 10 Hz. How sa noise is 
in the band from 4.5 to 5.5 Hz? The noise has a 1/ f! charac- 
teristic over the entire range. Thus 


_ } 1/2 | 

en = 170 x 105] , j10 In (55)| Volts (19) 
or 

en = 99.16 x 10°9 V/x/Hz @ 4.975 Hz, (20) 


4.975 Hz is a mean center frequency - where fmean = 
(flow ’ fhisn) = 


Computing rms Noise Over a Bandwidth 
Figure 11 
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‘in measurements are difficult to implement at best. At fre- 
quencies below f, in Figure 2, ix is assumed to have a con- 
stant level or “white” noise characteristic which may be 
correlated to gate current, Ig. From Equation (16) Ig is 
established as the measured bulk gate current. Because 
measured gate current (Ic) is the result of all conductances 
at the gate, the resultant gate current and the computed i, in 
due to bulk material can be assumed to be this value or less. 


The total equivalent input 1 noise of the FET can be approxi- 
mated by) 


eni- =e? + en NG : Rg? (21) 


where e eq _ the thermal noise of 
the generator resistance Rg and eni- is the total noise 
referred to the input. This approximation assumes that the 
equivalent noise voltage and the current generators vary 
mcerendcny) Ea ane (21) implies that ijx~ can be cal- 
culated if ey?, e7? and total noise enjz are known. The 
difficulty here is that in MOS or junction FETs, the Rg 
must be very large to detect the anticipated small value of 
‘in: kee when Rq is very large er is much greater 
than ij in2 Ro?. For example, over a 1 Hz bandwidth at 
25°C, if Rg is equal to 100 MQ, then 


2 = 4kTRg = 4 x 1.38 x 103 x 2.95 x 102 x 108 = 


1.63 x 10712 V/./Hz. (22) 


Anticipated in is 


‘in © 10°15 Amperes/./Hz (23) 
and 

‘in? = 10°30 Amperes/,/Hz (24) 
Thus 

in? * Rg? = 1030+ 1016 = 10°14 v//Aiz. (25) 


Therefore, iy * RG* is much less than ey, which renders 
this method of finding iy impractical for most common 
MOS FETs or junction FETs. 


An improved method of measuring ‘in? is to substitute a 
low-loss mica capacitor for resistor Rg. The mica capacitor 
by definition does not have equivalent thermal noise voltage, 
and thus Equation (21) becomes 


eni- = ey + in? . Xc2 (26) 


(where Xc = capacitive reactance) 
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or . 


— (En ;2 = éy2)1/2 
N7 ee (27) 


When a 10 pF mica capacitor was used in the evaluation 
circuit (up to a frequency of 100 Hz) a correlation of from 
80 to 90% was obtained when compared to in? computed 
from measured gate current readings. 


At frequencies above 100 Hz direct computation of iy via 
the capacitor method becomes unwieldy because of the 
rapid decrease in capacitor reactance at these frequencies. 


In calculating in at higher frequencies, an alternate method 
is to measure (Rp) the real part of the gate-source impe- 
dance of the FET.{) When Ry is measured at various fre- 
quencies, the equivalent short-circuit input noise current 
(iy) can be computed as a function of frequency (See 
Equation (17) ). A convenient instrument to measure Ry is 
the Hewlett-Packard Type 250A Rx meter or equivalent. 
The Type 250A Rx meter can measure Ry accurately up to 
200K ohms. As is shown in Figure 12, this establishes the 
low frequency limit of 20 MHz for iq computed via direct 
measurement of Rp for the Siliconix FET Type 2N4117A. 
For frequencies between 100 Hz and 20 MHz, in must be 
extrapolated, as is shown in Figures 12 and 13. For FET 
types with lower Ry (such as the Siliconix 2N4393) in can 
be computed down to 2 MHz, and hence extrapolated iy 
between 100 Hz and 100 kHz is more accurate. 
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‘The following are representative eN; in curves for Siliconix J-FET products. Of particular importance is the geometry 
‘which by its design governs the basic noise characteristics of product types derived from it. 
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FET Noise Characteristics by Geometry 
Figure 14 
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CONCLUSION 


Contemporary junction FETs have noise voltages (en) equal 
to those found in low-noise bipolar transistors. Each type 
of device has a different operating mechanism: the FET is 
voltage-actuated, while the bipolar transistor is current- 
actuated. Hence, FETs have an inherently lower noise cur- 
rent (in) and are preferred over bipolar devices in most 
audio-frequency applications where low-noise performance 
is a design requirement. | Mi 


When bias points are properly selected, as described in this 
Application Note, the excellent low-noise characteristics of 
high gr, junction FETs can be realized. 


The curves shown in Figure 14 are representative of eN and 
in performance of Siliconix junction FETs. Of particular 
importance in these curves is the process geometry by which 
the basic design of the FET governs the noise characteris- 
tics of product types derived from it. Readers are invited 
to refer to the Siliconix FET catalog for full geometry per- 
formance data, and for specific part numbers stemming 
from the generic process geometries. 


In the measurement section of this Application Note, it 
was shown that direct ex measurements can readily be 
made. ixy can be guaranteed at frequencies below 100 Hz by 
measuring the DC operating gate current (IG). When Ig is 
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known, ‘in can be extrapolated from frequencies below 
100 Hz to predict noise performance at frequencies to 
100 kHz. 
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~ APPLICATION NOTE 
FETs for Video Amplifiers 


INTRODUCTION - 


The field-effect transistor lends itself well to video amplifier 
applications. Gain bandwidth products in excess of 250 MHz 
may be easily achieved using simple one or two transistor 
circuits. DC input resistances in the tens of megohms range 
may also be easily achieved while input capacitances may be 
significantly reduced to less than 1 pF by well known circuit 
techniques. Video amplifiers have applications in communi- 
cations and pulse amplifying circuits and normally operate 
up to 100 MHz. 


Behavior of FET Input Resistance 


A prime FET parameter, input impedance, has a large effect 

in determining the frequency response of a FET video am- 
| plifier. It is not a simple RC network but one in which the 
real and imaginary parts are a function of frequency. 


The voltage generator source resistance R, and the FET 

input impedance Z;, form a frequency sensitive attenua- 

tion network. The larger the Rg, the worse will be the fre- 

quency response, and vice versa. Examining this in greater 

detail, consider the input equivalent circuit of a FET con- 
nected in the common source configuration, 


where 


Rg, and Rgq = bulk series gate resistance 
Cg, and Cyq = bulk series gate capacitance 


Goss = output conductance 


G Rod Cod 


Figure 1 
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For this analysis the gate source leakage resistance has been 
ignored due to its high value. Redrawing the input equivalent 
circuit as a simple parallel RC combination results in 


Figure 2 


where 
G1 =Re lYin| 
_O7ITCy 1+ wT 2?) + TQ +77) 
1- (w2T1T>)2 ese (T;2 + T52) 
and 
By =ImlYjql 
_ @[Cy (1 + TQ?) + Cy (1 + wT yD] & 
1 - (w2T }T>)? + w2 (T}2 + T>2) 
where 
Ty = CoqRoq 
T2 = CgsRgs (3) 


The input resistance varies inversely with the square of the | 
frequency (see Figures 3 and 4) while the input reactance is — 
inversely proportional to the frequency (see Figure 3). 
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In common-source circuits, 1/G, will typically fall to << 2K 
ohms at 100 MHz while C; remains substantially constant at 
least up to 1000 MHz. pene 3 and 4 below exhibit these 
relationships. : | 
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Figure 4 


To maintain low input capacitance, and thus a high input 
impedance over a wide frequency range, feedback may be 
applied to most circuits. Such techniques are explored in 
“FET and Bipolar Cascade”’ section (page 5). The effect of 
Rg on the frequency response is shown in Figures 6, 9, 11, 
13 where various amplifier configurations are investigated. 


Circuits to Consider 


Five video amplifier circuits are considered. They are: 


Common-Source Configuration 
Shunt-Peaked Common-Source Configuration 
Source Follower 

Cascode Amplifier 

FET and Bipolar Cascade 


Common-Source Circuit! 

The circuit of Figure 5 features high input impedance and 
high voltage gain. The drain resistor is set at 560 ohms to 
maintain good bandwidth which, with 50-ohm generator 
impedance, is determined primarily by the drain load com- 
ponents. These are: 


Rp = 5602 (4) 

Cy =Cea t Cp + Cg (5) 
Cyq = 2.0 pF, Cp the VI'VM probe, 2.0 pF, and Cg is 
ircuit stray capacitance of 3 pF. 


Cy =2+2+3= 7 pF (6) 
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+15 V 


Figure 5 


The 3-dB frequency w3 is given by: 


1 
w2=——— 7 
3 CrRp (7) 

1 

= 8 
7x 10712 x 560 (8) 
w3 = 255 x 106 (9) 
f3 = 39 MHz (10) 


The low frequency voltage gain for this configuration is 
given by: 


8fsRp 
V "1+ g¢Rg 
Ay = 49 (12) 
where | 


fs = 15 mmho when Ip = 12 mA, the quiescent current 
Rp= 560 22 (13) 
Rg=472 (14) 


Measured Performance 


Figure 6 shows the frequency response of the circuit. The 
low-frequency gain was measured at 4.5 and the 3-dB band- 
width at 44 MHz giving a gain bandwidth product of 
197 MHz. This compares with a calculated gain bandwidth 
of 191 MHz. 
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Figure 6 


5-21 


C"OZNV 


AN70-2 


Effect of Increasing Generator Impedance 


If the generator resistance Rg is increased to 1K ohm, the 
input time constant of the FET is increased. The bandwidth 
of the amplifier is now determined primarily by the input 
time constant which consists of generator impedance 
(Rg = 1K ohm) shunted by C;,, ( see Figure 7). 


Figure 7 


where 
_ stsRp bss 
cin = (14 ggy) Ceo (I Teg) et StH 
= (5.9 x 3.5) + (0.6 x 10) + 3. (15) 
Cin = 30 pF (16) 
where 
Cyq = 3.5 pF (17) 
Cy, = 10 pF (18) 
The corresponding 3-dB frequency is given by: 
(19) 
W3 = 
3 CinRg 
- 1 10? (20) 
30x 10712x 103 30 
fz = 5.3 MHz (21) 


which agrees closely with the measured bandwidth as shown 
in Figure 6. | 


Shunt-Peaked Common-Source Circuit 


The frequency response of the resistance-loaded common- 


source circuit may be significantly extended by shunt peak- 
ing at the gate and/or drain. Consider first the gate circuit. 
Here an inductor may be connected in shunt with the gate 
and set to such a value that.it forms a tuned circuit with the 


The response of an input signal of frequency f, will then be 
boosted to an extent depending on the loaded Q of the 
tuned circuit; the loaded Q in turn is dependent on. the 
unloaded Q of inductor L, Rg and the FET input resistance. 


Next consider shunt peaking in the drain circuit. In Figure 
8 the inductor L is set to such a value that a low Q tuned 
circuit is formed; the resonating capacitance C is the parallel 
combination of Cgq plus stray and load capacitances. For a 
flat response, the LC circuit is tuned to the 3-dB frequency 
of the resistance loaded circuit of Figure 5. (See Appendix.) 


+15 V 


Figure 8 


The required value of L is: 


Rp-c 
Se and for the circuit in Figure 8. (24) 
= 0.78 wH 2») 
where 
Rp = 560.2 (26) 
C =Cgq + Cstray + CVTVM PROBE (27) 
C =1.2+1.3+2.5=5 pF (28) 


Due to the low circuit Q (about 5), the value of L is 
not critical. 


The 3-dB bandwidth shown in Figure 9 now extends to 
67 MHz giving a gain bandwidth product of: 


67 x 4.2 = 281 MHz (29) 


FET input capacitance. The frequency of resonance is 8 
~—! ; CT 
By eerste | 
ipsaeeloen @n sll SH 
2a Vin CELT UIE Hiflse= 222 
where 0.1 100 1000 
: FREQUENCY (MHz) 
Cin = Cisg * CStray + CMitler (23) Figure 9 
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When Rg is bypassed by a 0.1 capacitor, the low frequency 
voltage gain is given simply by: 


Ay = 8fsRp (30) 
= 15x 1073 x 560 (31) 
= 8.4(18.5 dB) (32) 


The gain bandwidth product tends to remain constant 
whether Rg is bypassed or not and this effect is shown in 
Figure 9. 


Source-Follower Circuit 


A J300 is used in the FET source-follower circuit, Figure 
10, because of its low input capacitance and high ge, which 
remains high at the frequency range of interest. A source 
follower exhibits a high input impedance and low output 
impedance. The real part of the output impedance is the 
reciprocal of gr, which is independent of frequency up to 
about 600 MHz. The input capacitance isCyq + Cg, (1 - Ay) 
which, in this case, is approximately 1.5 pF maximum. The 
input capacitance is also independent of frequency and 
independent of load when the load is larger than the output 
resistance R5. 


+12V 


- -12V = 


Figure 10 


The frequency response is dependent mainly on the gener- 
ator internal impedance. For example, when Rg is increased 
to 1K ohm the bandwidth falls to 80 MHz. In this particular 
circuit, the low-frequency voltage gain is 0.94. 


The input resistance is proportional to 1/f2 as explained in 
the section, “Behavior of Input Resistance,” and at some 
high frequency will go negative, particularly if the source 
resistor is large. For example, with the circuit in Figure 10, 
the input resistance is high at 10 MHz but in the negative 
resistance region at 100 MHz. However, when Rg is 1000 
ohms, the input resistance is real at this frequency. 


The voltage gain of a source follower is given by: 


fsRs 


ee 33 
1+ gpsRs o 


Ay = 


Thus Ay is almost independent of Rg when Rg is large. 
Using typical values for the J300 (or % 2N5912) in Figure 
10, the drain current is 3 mA, gg, is S mmho and Rs 4700 
ohms, 


Ay = 0.96 
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which is near the measured value of 0.94. Measured perfor- | 


mance is shown in Figure 11. The output resistance of this 
source follower is given by: 


1 1 
Ro= Fe 5x 10-3 = 200 2 


(34) 
and in this circuit, Rj was measured at 165 ohms. The 
source follower is a useful versatile circuit which may be 
used as an impedance converter, level shifter, buffer stage, 
or as an input circuit to an op amp or feedback amplifier. 


CAINE CLINT HUT 


A ail 
LUT TITS NU, = 50.32 
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FREQUENCY (MHz) 


Figure 11 


Cascode Circuit 


The cascode circuit has applications as a buffer amplifier for 
use with high stability oscillators or in low level power am- 
plifiers? mainly due to its low reverse transfer character- 
istics. The advantages and considerations of this configura- 
tion, Figure 12, are similar to those listed for the common- 
source circuit. An extra advantage exists in the cascode 
circuit, namely the low input capacitance: 


(35) 
(36) 


Cin = Ciss + Cog 


+15 V 


10K 2 


U257 or 2N5912 
DUAL DUAL 


Figure 12 


where Ay is the voltage gain from Q; gate to Q, drain 
which is essentially unity. C;,, for the U257 dual FET is 
5 pF and Cag is 1 pF, therefore 


Cin = 5+ 1 = 6 pF, excluding strays of 4 pF 


Thus Miller effect is minimized and a good gain bandwidth 
product is achieved. 
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Figure 13 shows cascode frequency response. The voltage 
gain at low frequency is 15 dB (x 5.6) and the bandwidth is 
24.5 MHz with a generator impedance of 50 ohms. Gain 
bandwidth product is 137 MHz. 


nmi SN 


VOLTAGE GAIN (dB) 


TR! 
= 1K 9 YN 


0 10 100 
FREQUENCY (MHz) 


Figure 13 


FET and Bipolar Cascade 


The FET and bipolar transistor combination of Figure 14 
makes a good video amplifier because the FET input provides 
the voltage gain thus obtaining a superior gain bandwidth 
product. The feedback capacitor a-c couples the emitter to 
the drain. The a-c voltage at the gate is nearly equal to that 
at the source. This source voltage is d-c coupled to the base. 


+12 V 


Figure 14 


This produces an a-c voltage at the emitter whose amplitude 
is almost equal to that at the base. Thus at the FET, 
Vo = V, = vq and all three signals are in phase. In this way 
Miller effect capacitance is largely eliminated. 


The frequency response of this circuit is controlled by the 


output time constant if f, of the transistor is much greater 


than the amplifier bandwidth. In the circuit shown the a-c 
load is 2.5 pF. 


CONCLUSION 


The input resistance of a FET is inversely proportional to 
the frequency squared, while the input i ac remains 
constant to at least 1000 MHz. 


Several video amplifier configurations are considered. The 


common-source circuit is considered first: in the example, 
the low frequency gain is 4.5 and the 30-dB bandwidth 
44 MHz (gain bandwidth 197 MHz). By shunt peaking in the 
drain circuit, gain bandwidth is increased to 260 MHz. The 
simple source-follower circuit gives a gain near unity with 
GBW almost 300 MHz and an output resistance of 1/g¢,. The 
cascode ‘circuit features a low input capacitance and GBW 
of 137 MHz. The circuit featuring the best gain bandwidth 
is the FET and bipolar combination. A gain of 11 dB and 
bandwidth of 90 MHz is achieved. 
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APPENDIX 


Selection of Video Amplifier Designs with 
Performance Summary 


Note. All output voltages measured with Boonton 91C VT VM. 


Common Source Stage 


+15 V 


Re R | 
SD Gain dB 


2 Q 


120 1.5K 3.9 
120 1.5K 6.2 
120 1.5K 3.9 
120 1.5K 6.2 


Cascode 


+15 V 
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Common-Soutrce Circuit 


+15 V 


MHz MHz 
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Shunt-Peaked Common-Source Stage 


| J300 
2N4393 (%2N5911/12) 
+15V +15V 
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Rs : 
Gain dB 
Bypassed MHz 


3.9 11.8 67 
6.3 16.0 67 


2N4416 | 


+15V 


+15 V 


E 
‘ Bypassed Gain dB 
(0.1 LF) 


BW GBW 
MHz MHz 
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Source-Follower Circuit 


+15 V 


Q 


R BW GBW 


Gai eae eae eer m4 | 
ain Ya ota 
me : (2 MHz MHz 


50 0.92 2.2 2.7 165 350 326 
1K 0.92 2.2 2.7 165 55 50 


Note. R, = output resistance of the source follower. 


Derivation of Input Admittance Terms 


where 
Ry=Rgs Cp =Cgs (1) - ? ee 
Ry=Rgqg C2=Cgq (2) Cy Cp 
S =jw | | 
= sCy sC (3) 


= SSF 
in RyCy srl R5C7 s+ 1 


___~ Cy Cy (Ry + Ra) + Cj + Ca) 
(1 - w2RyRxC jC) + (C Ry + CoR9) 


(4) 


+15 V 


Offset (Max) 
(Input to Output) mV 


BW GBW 
MHz MHz 


U232 50 
1K 0.98 13 12.7 


The response below shows the “normal” 3-dB frequency | 


without peaking — f;. It is now required to raise the response 
at f) by 3 dB to achieve a maximally flat response. There- 
fore, under these conditions the total impedance seen by 
the drain at f; must equal the impedance seen by the drain 
at fy. Also at f), Xc= Ry. Substituting for Xc in Equation 5: 


RESPONSE (dB) 


FREQUENCY 


Re 245-2 
Ry 2= is Ra a (6) 
a} 
1-—— +1] 
a Ry 
- Derivation of Shunt Peaking Formula 
The equivalent circuit of the drain load is shown in the Fig- Ry 2 — 2wLRy + w2L2 + Ry 2 = Ry 2 + w?L2 (7) 
ure below. The total impedance seen by the drain is given by: 
R27 = 2wLRz, (8) 
ere 5 S a (9) 
Z= Pa rte ae Set ee R 
(1 = w2LC)? + w2C2Ry 2 cage (10) 
An fj 
and 
TO DRAIN 1 : Ry 2C 
A =aoReo Es an 
2m RyC ” 2 
L 
Cc 
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For. op amp applications requiring the best possible 
| performance, consider a composite op amp that takes 
advantage of differing process technologies. A JFET dual 


can be combined with a Signetics NE5534 bipolar op amp 
for outstanding performance. Input bias current can be 


reduced, yet slew rate can be very high (20V/ysec to. 


40V/usec) and the circuit is unity-gain stable. Output 
swing is a minimum of +12V into a 600 ohm load when 


| operating from +15V power supplies. This high output 


APPLICATION NOTE 


Composite Op Amp 


for High Performance 


capability combined with a JFET input stage makes this 


-an excellent amplifier for high-speed integrators, SAMPLE/ 


HOLD circuits, peak detectors, and log amplifiers. 


The input portion of the circuit is shown in Figure 1. The . 
NPN input stage of the NE5534 IC op amp is biased into. 
cut-off by connecting both inverting and non-inverting 
inputs to the negative rail. A JFET preamplifier input stage 


High Performance Op Amp Using The Siliconix 2N5912 


Rp~1.37K 


ReE~1620 


V-© 


NE5534 
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is then connected into the PNP second stage of the NE5534 
and the currents that formerly flowed through the NE5534 
NPN input pair are now diverted into the JFET input pair. 
Drain resistors R p effectively parallel the collector resistors 
Rc from within the IC op amps and the JFET: drain 
currents will then be the sum of the currents through RD 
and Rc. The voltage across the parallel combination of RD 
and RC is nominally 2.5V due to the internal biasing of the 
NE5534. Going directly into the second stage of the IC op 
amp rather than into the NE5534 NPN input stage has two 
distinct advantages: 


1. Frequency response is better in that the phase shift of 
the bipolar input stage is avoided. A high-current JFET 
input stage, such as the 2N5912 when operated in the 
ImA to 8mA drain current range, has excellent 
frequency response in comparison to an NPN stage 
operating in the 150uA to 200uA range. 


2. The operating level at the JFET drains is only 2.5V 
below the positive supply rail, therefore the common- 
mode input range for the JFET input stage can be 
relatively high. The combination of low input bias 
current with high frequency response is useful for 
SAMPLE/HOLD circuits, high-speed integrators, 
photo-multiplier tube amplifiers, and high-speed data 
conversion circuits. 


Although more expensive than a single monolithic op amp, 
the combination of a JFET preamp with a bipolar IC 


_second stage can provide substantially better performance 


than any monolithic alternatives. 


A Siliconix 2N5912 JFET dual was chosen for the input 
stage in this example because of its high operating current 
range, high gain, and excellent frequency response. The 
saturation drain current Ipss has a specified range of 7mA 
to 40mA, but is typically 1OmA to 24mA. Gate source 
cutoff voltage VGS(off) Is in the range of -1V to -5V witha 
typical value of approximately -2V to -4V. The 2N5912 
characterization curves indicate that any drain current 
from ImA to 8mA will provide good performance, and 
2mA was chosen for this application. 


The current diverted from the bipolar input stage to the 
JFET input stage is nominally 180uA on each side; 
therefore a drain current on each side of 1.82mA is needed 
from the drain resistors RD to make up a total drain 
current of 2.0mA. The drain resistor R p therefore needs to 
be approximately 2.5V/1.82mA, or 1370 ohms on each 
side. 


Gain of the JFET input stage can now be calculated. From 
the 2N5912 characterization curves, forward transconduc- 
tance gf, will be in the range of 2.}6mmhos to S5mmhos for 
units having Ipss of 10mA to 24mA and when operated at 
a drain current of 2mA. The differential gain can be 
approximated by the product gfs Rp. Using a center value 
of 4.3mmhos and 1230 ohms, (Rp and RC in parallel), 
then the gain will be approximately 6.5, or 16dB. Total 
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amplifier gain was found to closely approximate the gain 
curve for a 5534 being operated alone. 


The cascode configuration using two input pairs as shown 
has several advantages. Most importantly, the input gate 
current is dramatically reduced due to the lower drain-to- 
gate voltage on the input pair. In the cascode configuration, 
the gate-to-source voltage on the upper pair will be the 
drain-to-source voltage of the input pair even with the 
common-mode input variations. All of the common-mode 
swing is taken up by variations in Vps of the upper pair. 
Gate leakage of the input pair is primarily dependent on 
drain-to-gate voltage VDpG, which will be a constant 
—2VGS in this cascode configuration. Drain-to-gate voltage 
on the input pair will be low, typically in the 3V to 6V range, 
which is well below the “IG breakpoint”. From the 
characterization curves on the 2N5912, gate current leakage 
will be under 2pA for drain-to-gate voltages under 6V. The 
cascode configuration is very effective in reducing input 
bias current for JFET input stages. Another advantage of 
the cascode configuration is a reduction of input capacitance. 
The input pair drains are “bootstrapped” to the common source 
point and both must follow the gate voltage. The effective 
capacitance from gate-to-drain and from gate-to-source is 
reduced. In addition, output conductance is reduced by the 
cascode configuration which also helps CMR. Adding the 
second JFET pair significantly improves both input bias 
current and common-mode rejection without degrading 
other parameters. 


The constant current source consisting of Q3 and Q4 


primarily improves common-mode rejection and rejection’ 


of power supply variation. It also establishes the nominal 
operating voltage at the input (pins | and 8) of the 5534 op 
amp. The current will be a constant VBF/RE independent 
of fluctuations in power supply voltage or input voltage 
level. This current source has very high impedance, therefore 
common-mode inputs are heavily attenuated. 


Common-mode-rejection-ratio (CMRR) is very high due 
to the use of a constant current source, but can be further 
improved by matching of drain resistance. The parallel 
combination of Rp and RC is the effective drain resistance 
for this design. The transconductance ratio between the two 
sides of the input pair also directly affects CMRR. The 
drain resistors should be well-matched to minimize the 
CMRR adjustment range since it also affects offset and 
drift. 


Each 1% mismatch in drain resistance will cause approxi- 
mately I1uV/°C of input offset voltage drift. CMRR can 
be readily trimmed to over 100dB. CMRR vs. frequency is 
excellent due to the use of the 2N5912, a wide-bandwidth 
FET, in a cascode configuration. 


A high performance op amp should also have good output 


characteristics, low noise, and high slew rate. The NE5534 | 


op amp is rated for +14V mimimum output swing into a 
600 ohm load when operating from +15V power supplies. 
Output resistance is typically 0.3 ohms. The Siliconix 
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2N5912 characterization curves show a typical equivalent 
input noise voltage of only 10nV/ J Hz at 10Hz. There is 
also a component of noise from the second stage, but its 
effect is divided by the input stage gain and its contribution 
is small. Input current noise of this composite op amp is 
very low due to the typical operating level of 1pA input bias 
current. For slew rate, this circuit is capable of 50V/usec 
when going negative. Positive slew rate is 50V/psec 
without use of a compensation capacitor, but drops to 
25V/ usec with a 20pF compensation capacitor. Compensa- 
tion capacitance will generally be needed only when driving 
capacitive loads. Even the lower value of slew rate, 


25V/ psec, corresponds to a full-power (+10V) frequency 
of 400K Hz. “ [ 


While the vast majority of op amp applications can be 
satisfied through use of conventional IC op amps, there are 
applications in high-performance instrumentation systems 
that require superior performance. This composite op amp, 
which makes use of precision dual JFET input pairs and a 
high performance IC op amp, provides a unique combina- 
tion of low input bias current, high CMR, low noise, 
excellent frequency response, and high output swing. 
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INTRODUCTION 


When high-performance, high-frequency junction field-effect 
transistors (JFETs) are used in the design of active balanced 
mixers, the resulting FET mixer circuit demonstrates clearly 
superior characteristics when compared to its popular passive 
counterpart employing hot-carrier diodes. Comparison of 
several types of mixers is made in Table I. The advantages 
and disadvantages of semiconductor devices currently used 
in various mixer circuits are shown in Table II. 


Why an Active Mixer? 


Active mixing suggests high-level mixing capability. High 
level mixing in turn infers that active mixers outperform 
passive mixer circuits in terms of wide dynamic range and 
large-signal handling capability. Additionally, the active mix- 
er offers improved conversion efficiency over the passive 
mixer, permitting relaxation of the IF amplifier gain require- 
ments and even possible elimination of the customary RF 
amplifier front end. 


Table I 


MIXER TYPE 


L-CZNV 


APPLICATION NOTE 


FETsin 
Balanced Mixers 


Ed Oxner 


Initial evaluation of the active FET mixer will imply a dis- 

advantage because of local oscillator drive requirements; 

bipolar devices in low-level mixers require very little drive 

power. However, in high-level mixing this disadvantage is 

overcome in that drive requirements at such mixing levels . 
are generally the same, no matter whether bipolar or FET 

devices are used. 


Why FETs for Balanced Mixers? 


The performance priorities of modern communication sys- 
tems have stringent requirements for wide dynamic range, 
suppression of intermodulation products, and the effects of 
cross-modulation. All of the foregoing parameters must be 
considered before noise figure and gain are taken into 
account. 


Since FETs have inherent transfer characteristics approxi- 


mating a square-law response, their third-order intermodula- 
tion distortion products are generally much smaller than 


Table II 


DEVICE ADVANTAGES DISADVANTAGES 


Characteristic 


Bipolar 
Transistor 


Single Double 
Bandwidth Several Decade Decade 
decades 
possible 
Relative IM 
Density 
aaa — 
ee 


Interport 
Isolation 


Relative 

L.O, Power 
Dual-Gate 
MOS FET 
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Low Noise Figure 
High Gain 
Low D.C. Power 


Low Noise Figure 
High Power Handling 
High Burn-out Level 


Low Noise Figure 
Conversion Gain 
Excellent IM products 
Square Law Characteristic 
Excellent Overload 

High Burn-out Level 


Low 1M Distortion 
AGC 
Square Law Characteristic 


High IM 
Easy Overload 
Subject to Burnout 


High L.O. Drive 
interface to I.F. 
Conversion Loss 


Optimum Conversion Gain not 
possible at Optimum Square 
Law Response Level 

High L.O. Power 


High Noise Figure 
Poor Burnout Level 
Unstable 


5-31 


AN72-1 


5-32 


those of bipolar transistors. Harmonic distortion and cross- 
modulation effects are third-order-dependent, and thus are 
greatly reduced when FETs are used in active balanced 
mixels. | 


|} A secondary advantage derives from available conversion 


gain, so that the FET mixer becomes simultaneously equiv- 


‘alent to both a demodulator and a preamplifier. 


First Order Balanced Mixer Theory 


Essential details of balanced mixer operation, including sig- 
nal conversion and local oscillator noise rejection, are best 


| illustrated by signal flow vector diagrams (Figure 1). 


SIGNAL 
CONVERSION 


t 


NOISE 
. REJECTION 


Signal and Noise Vectors 
Figure 1 


Energy conversion into the intermediate frequency (IF) pass-. 


band is the major concern in mixer operation. In the. follow- 
ing analysis, both the signal and noise vectors are shown 
progressing (rotating) at the IF rate (Wj,,); the resulting 


wave occurs through vector addition. 


The analysis of local oscillator noise rejection (Figure 1) 
assumes, for simplicity of explanation, that noise is coherent. 


Thus at some point in time (t,) the noise component €, ) 
is “in phase” with the local oscillator vector (€, ,) and FET 
“A” (the rectifying element) is ON; the JFET mixer acts as 


a switch, with the local oscillator acting as the switch drive 
‘signal. One-half cycle later, at time t,, the signal flow is 


reversed for both the local oscillator vector and the noise 


component, FET “A” is OFF and FET “B” is ON. Moving - 


ahead an additional one-half of the IF cycle, FET “A” is 
again ON, but the noise component has advanced 180° 
(wi¢,) through the coupling structure, and is now “out of 
phase’’. The process continually repeats itself. 


The end result of this averaging (detection) is the cancella- | 
tion of the noise which originated in the local oscillator, 
providing that the mixer balance is precise.(1) 


The analysis of the conversion of the signal to the IF pass- 
band is similar, but the signal is injected into the coupling 
structure at the equipotential tap. Thus at time t5, the signal 
vector (€,) is “out of phase” with the local oscillator vector, 
Cio The resulting envelope develops a cyclic progression at 
the IF rate, since the signal is “demodulated” by the mixing 
action of the FETs. 


A schematic of a prototype balanced mixer is shown in 
Figure 2. Design criteria, in order of priority, include the 
following: 


(1) Intermodulation and Cross-Modulation 
(2) Conversion Gain 

(3) Noise Figure 

(4) Selecting the Proper FET 

(5) Local Oscillator Injection 

(6) Designing the Input Transformer 

(7) Designing the IF Network 


Intermodulation and Cross-Modulation 


A basic aim in mixer design is to avoid the effects of inter- 
modulation product distortion and crossmodulation. Part 
of the problem may be resolved by using a balanced mixer 
circuit. 


The active transfer function of the FET is represented by a 
voltage-controlled current source. For both crossmodula- 
tion and intermodulation, the amount of distortion is pro- 
portional to the amplitude of the gate-source voltage. Since 
input power is proportional to input voltage, and inversely 
proportional to input impedance, the best FET IM and 
cross-modulation performance is obtained in the common- 
gate configuration where the impedance is lowest.(2) 


When JFETs are used as active mixer elements, it is impor- 
tant that the devices be operated in their square-law region. | 
Operation in the FET square-law region will occur with the - 
device in the depletion mode. Considerable distortion will, 
result if the FET is operated in the enhancement mode 
(positive, for an N-channel FET); by analogy, the problems 
encountered are similar to those which arise when positive 
drive is placed on the grid of a vacuum tube. 


Square-law region operation emphasizes the importance of 
establishing proper drive levels for both quiescent bias and 
the local oscillator. The maximum conversion transconduc- 
tance, g., is achieved at about 80% of the FET gate cutoff. 
voltage, VGS(offy 224 amounts to about 25% of the forward 
transconductance, ge., of the FET when used as an amplifier. 
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OUTPUT 
Ci, Cy — .01 vfd 
C2,C4—1- 10 pF 
C3 — 1000 pF 
Cg, Cg — 30 pF 
C7, Co — 68 pF 
Ci9 «60> (<0. 1 ue F 
Ly, l9— 1.3 uHy 
Q4, Qg— U310 (2) or U430 
74 — RELCOM BT-9 


Prototype Active Balanced Mixer 


Figure 2 


Sirce conversion gain (or loss) must be considered, it is 
coinmon to equate voltage gain Ay, as: 


Ay = £cRL (1) 


where g, is the conversion transconductance and Ry is the 
FET drain load. 


An attempt to achieve maximum conversion gain by indis- 
criminately increasing the drain load resistance will adversely 
affect any design priority concerning distortion — particular- 
ly intermodulation product distortion. 


Distortion takes different forms in mixers. Most obvious is 
that distortion which will occur if the FET is driven into 
the enhancement mode, as noted earlier. A more pernicious 
form is drain load distortion. And finally, there is the so- 
called “‘varactor effect.” 


The most frequent cause of poor mixer performance stems 
from signal overloading in the drain circuit. Excessive drain 
load impedance degrades the intermodulation characteristics 
and produces unwanted crossmodulation signals (3) A char- 
acteristic of the FET balanced mixer is that the correct 
drain load impedance is inversely proportional to-the value 
of the conversion transconductance. Figure 3 shows the 
improvement in IM characteristics obtained in the prototype 
mixer with the drain load impedance reduced to 1700 Q2 
from 5000 {2. Specifically, the dynamic load line must be 
plotted so that the signal peaks of the instantaneous peak-to- 
peak output voltage are not permitted to enter into the non- 
saturated (“‘triode”) region of the FET. Suitable and unsuit- 
able drain load lines are shown in Figure 4. Load impedance 
selection is quantified in Equations 18 through 20. 


Distortion from the “varactor effect” is of secondary impor- 
tance, and arises from an excessive peak voltage signal 
swing, where the changing drain-to-sorce voltage can cause 
a change in parasitic capacitance, C,.., and give rise to har- 
monics. A FET tends to be voltage-dependent when the 
drain voltage falls appreciably below 6 volts. If the source 


voltage (from the power supply) is also low and the drain 


Siliconix 


load impedance is high, then distortion will develop. How- 
ever, if proper steps are taken to prevent drain load distor- 
tion, the varactor effect will also be inhibited. . 


| 


SOURCE INJECTED MIXER (L.O. & SIGNAL) +44 
FREQ LO = 120 MHz; POWER LO: +17 dBm 
FREQ SIG = 150 MHz 
\ DRAIN IMPEDANCE: 1700 ohms .---.--...-- 
5000 ohms 


INTERCEPT oe 
' POINT ..-" 


+ 
w& 
N 


S.S.B. NOISE FIGURE — dB 
wap — LNIOd LddDYSLNI HAQHO PAE 


VGS 


Comparison of Mixer IM Characteristics 


Figure 3 


TRIODE 


REGION |“ SATURATED REGION —_-— 


Vps 


Plotting Drain Load Lines 
Figure 4 
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Conversion Gain 


In a FET, forward transconductance is defined as(>) 


dIp 
Bis“ dV, (2) 


and conversion transconductance is defined as(9) 


dines 
ae “Dwi) 3) 


dV gs( cor) 


where wi = the intermediate frequency and wr = the signal 
frequency. 


The effects of time-varying local oscillator voltage, V5, and - 


the much smaller signal voltage, V;, must be considered: 
Vos = V1 cos w yt + V4 cos wot (4) 


For square law operation{7) 


V2 + VGs < VGs(off) (5) 
Drain current is approximately defined by (8) 
2 
VGs 
Ip =Ipss |! -=-—— (6) 
VGS(off) 
| or (9) 
2 
tm ~ BES VGS(off) oe es : (7) 
: 2 VGS(off) 
or 
Efso 9 
Ipx~s—_~=Cs«d|V -Vv (8) 
D 2V.GS(off) GS(off) ss 
then (10) 
Ip * ere (complex Taylor expansion) (9) 
2VGS(off) 
which can be reduced to 
8fso 
I z————— V1 Vo cos(w] - w)t (10) 
DUE) 2VGs(off) 
and the conversion transductance is 
&fso 
Bo = su Wal 11) 
© 2VGg(off) | ( 


Equation 11 suggests that g. increases without limit as V> 
increases without limit. However, to avoid operation of the 
FET in the “triode” region, the peak-to-peak swing of V5 
should not exceed VGg/ off): 


Figure 5 shows plots of normalized conversion trans- 
conductance, g./g¢, versus normalized quiescent bias, Vas/ 
Vos(off) for different oscillator injections. 


Gc/a¢5 X 100% 


0 0.2 04 06 08 1.0 1.2 14 16 1.8 2.0 


VGo/VGs(off) 


Normalized g,/g¢ vs. VGs/VGs(off) 
(from “FET RF Mixer Design Technique”, S.P. Kwok, 
WESCON Convention Record (1970) 8/1, p.2.) 
| Figure 5 


Noise Figure 

Like the common-gate FET amplifier, the common-gate FET 
balanced mixer is sensitive to generator resistance, R,.U 1) 
A change of a decade in Rg can produce a noise figure varia- 
tion of as much as 3 dB. 


In the design of the prototype FET active balanced mixer, 
the generator resistance of the FETs is established by the 
hybrid coupling transformer. Two important criteria for the 
FETs in the circuit are high forward transconductance, and 
a value of power-match source admittance, Bigs, Which close- 
ly matches the output admittance of the coupling trans- 
former. In the common-gate configuration, match points for 
optimum power gain and noise do not occur at the same 
value of generator resistance (Figure 6). Optimum noise 
match can only be achieved at the sacrifice of bandwidth. 


_ 3dB POWER GAIN NOISE 


POWER GAIN AND NOISE MATCH (dB) 


Thus 
2V peak < VGS(off) (12) 
. GENERATOR RESISTANCE (2) 
OL 
VGS(off) Power Gain and Noise Matching 
2 peak oe (13) Figure 6 
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How to Select the Proper FET 


Conversion efficiency is determined by conversion trans- 
conductance, g., which in turn is directly related to such 
FET parameters are zero-bias saturation current, Ingg, and 
the gate cutoff voltage, VGS(off): 


Ipss 
So =o) IV)! 14) 
° Ves(otf? 7 ( 
8fso 
(15) 
2V GS(off) 


Equation 15 appears to indicate that FETs with high Ings 
are to be preferred. However, Ipgg and VGs(off) are related, 
and Figures 7A and 7B show that devices from a family 
selected for high Ipgg do not provide high conversion trans- 
conductance, but actually produce a lower value of g.. 


Vesioff) {V) 


pss 
[Vgs(ort))2 


'pss (mA) 


b. 


Relationship of Ipsg and VGS(off) 
Figure 7 


Best mixer performance is achieved with “matched pairs” 
of JFETs. Basic considerations in selecting FETs for this 
application are gate cutoff voltage, VGS(off) for good con- 
version transconductance, and zero-bias saturation current, 
Ings: for dynamic range. A match to 10% is generally ade- 
quate. Among currently available devices; the Siliconix 
U310 and the dual U431 offer excellent performance in 
both categories; common-gate forward transconductance is 
20,000 umhos max at Vps = = 10 V, In = 10 mA, and 
f= 1 kHz. 


There is, of course, the possibility that FET cost is a major 
consideration in evaluating the active balanced mixer ap- 
proach — the familiar price/performance tradeoff. If this is 
the case, there are a number of other Siliconix FETs which 
will provide suitable alternatives to the U310. Remember, 


however, that conversion transconductance, g,, can never 
be more than 25% of forward transconductance. Thus as 
tradeoff considerations begin, the first sacrifice to be made 
will be the degree of achievable conversion gain. Intermod- 
ulation performance will follow with the third tradeoff being 
available noise figure. Table III lists a number of possible 
alternatives to the U310. 


Table 11! 


Typical DEVICE TYPE 
Characteristic U310* | usio» | 2N5912 | 2N4416* | 2wge23 | 


eee ee ee ee 


a devices are also available in plastic packages: 


U310 (J310) 
2N4416 (2N5486, J304-18) 


Local Oscillator Injection 


Low IM distortion products and noise figure, plus best 
conversion gain, will be achieved if the voltage swing of the 
local oscillator across the gate-to-source junction is held to 
the values presented in Figure 5. V] ¢ is expressed in terms 
of peak-to-peak voltage, while Vos(off) is a d.c. voltage. 


Local oscillator injection can be made either through a brute- 
force drive into the JFET source through the hybrid input 
transformer, or through a direct-coupled circuit to the JFET 
gates where less drive will be required for the desired voltage 
swing, Two circuits to obtain direct gate coupling are sug- 
gested in Figure 8. 


GATES TIED IN PARALLEL 
= L2 RESONATES WITH Cg 


GATES DRIVEN PUSH-PULL 
= SOURCES TIED TOGETHER 


by 


Alternate Forms of L.O. Injection 
Figure 8 
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The source-injection method is used in the design of the 


present mixer to maintain the inherent stability of a com- 
mon-gate circuit: A minor disadvantage with the direct- 
drive method is that the required gate-to-source voltage 
swing requires considerable local oscillator input power. 


| For source injection through the transformer. best mixer 


performance is obtained with a local oscillator drive level of 
+12 to+17 dBm across a 50-ohm load. 


Conversely, direct coupling to the FET gates occurs at a 
higher impedance level and less local oscillator drive power 
is required. The functional tradeoff resulting when the gates 
are tied together is that. shunt susceptance requires some 
form of conjugate matching, and thus brings about an un- 
desirable reduction of instantaneous mixer bandwidth. 


Designing the Input Transformer 


Five criteria are important to the design of the hybrid input 


{| coupling transformer for best mixer performance. The impe- 


dance transformer must 


(1) Consist of four single-ended terminals, for the local 
oscillator, the input signal and FETs A and B 


(2) Offer a match between either input to a symmetri- 
_cal balanced load 


(3) Provide as much isolation as possible between the 
signal and local oscillator ports (Figure 9) 


(4) Maintain a differential phase of 180° across the 
syminetrical balanced loads 


(5) Introduce the least possible amount of loss 


4-Port Hybrid with Phase and Isolation 
Figure 9 


A transformer using ferrite cores and meeting these five 
requirements is derived from elementary transmission-line 
theory (Figure 10). Transmission line transformers have a 
low-frequency cutoff determined by the falloff of primary 
reactance as frequency is decreased. This reactance is deter- 
mined by the series inductance of the transmission line con- 
ductors. On the other hand, high-frequency performance is’ 
enhanced by minimizing the physical length of the trans- 
mission line. Minimizing overall line length while maintain- 
ing suitable reactance can be accomplished by using a} 
high-permeability core material such as a ferrite.(12) The 
transformer constructed for the balanced FET mixer closely 
resembles the balanced 4-port unsymmetrical 180° hybrid . 
device described by Ruthroff.(13) 


) FERRITE O< 


Hybrid Input Coupling Transformer 
Figure 10 
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Although Ruthroff does not discuss the method of deter- 
mining the winding length of bifilar wire, a solution is offered 
by Pitzalis. (14) The Pitzalis definitions for wire nee are 
as follows (Figure 11): 


max length = ae (inches) (16) 
upper 
20 Rp 
min length = (inches) (17) 


(1 + u/Uo) flower 


where Ry; = the load impedance, u/ug = the relative 
permeability of the ferrite at the lower frequency, andn= 
a fractional wavelength determined by the amount of allow- 
able phase error. 


Selection of the ferrite core material is determined mainly 
by performance requirements. A prime consideration for 
wideband performance is the temperature coefficient of the 
ferrite, which must have a low loss tangent over the required 
temperature range, i.e., high Q. 


In addition, an important design factor involves the relative 
permeability of the core, since inductance of a conductor is 
proportional to the permeability of the surrounding me- 
dium.(15) A high permeability material placed close to the 
transmission line conductors acts upon the external fringe 
field present, appreciably magnifying the inductance and 
providing a lower cutoff frequency. Power transferred 
from input to output is coupled directly through the di- 
electric medium separating the transmission line condcutors; 
thus a relatively small cross-section of ferrite material can 
operate in an unsaturated state at impressively high power 
levels. For the FET balanced mixer, ferrite core material 
with a permeability of 40 provides satisfactory operation 
from 50 to 250 MHz. Figure 11 also demonstrates that a 
lower transmission line impedance, Z,, is to be preferred 
over a higher Z,. Both 50-ohm and 100-ohm transmission 
lines are required for the mixer transformer; twisted pairs 
will provide satisfactory results. A characteristic impedance 
of 45 Q is obtained from 3 turns-per-inch of Belden 
No. 24 AWG enamel wire, while 3% turns-per-inch of No. 
24 (7X32) Belden plastic covered wire provide Z, = 100 
ohms. Each core is wound with 2 inches of the proper 
twisted pair, with min/max lengths calculated from Pitzalis’ 
data (Formulae 16, 17). 


As with all broadband transformers, the coil has an inherent 
parasitic inductance which must be capacitor-compensated 
(Cy, C4, Figure 2).16) A trim capacitor is required at the 
two input terminals, and is adjusted only once to optimize 
the differential phase shift across the symmetrical balanced 
FETs. Phase match of the hybrid structure may be tracked 
to within +2 degrees (about 180°) to 250 MHz. Effective 
resistance transformation is useful from 50 to 550 MHz 
(Figure 12) — but phase track beyond 250 MHz may show 
too much deterioration. 
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25 = 2Z, OPTIMUM 


Zo =Zo OPTIMUM 


4 
Zo = 5 Zo OPTIMUM 


02 .06 10 .14 18 


LENGTH OF WIRE A (n) 


b. 


Toroid Coil Winding Data 
Figure 11 


Designing the IF Network 


The IF network performs two important functions in the 
FET balanced mixer circuit. It provides for optimum match 
between the FETs and the IF amplifier, and it effectively 
bypasses the circuit RF components (signal and local 
oscillator). 


In network design, it is essential that the RF and local oscil- 
lator signals be sufficiently isolated from the intermediate 
frequency signal to maintain rejection levels of at least 
20 dB. If this isolation is not maintained, conversion gain 
and noise figure are degraded. 


The simplest technique for design of the IF network is to 
use the well-known pi (7) match structure from each FET 
drain to a common balanced output transformer net- 
work.(17) This pi match technique is especially suitable for 
a narrow-band intermediate frequency output, serving three 
useful functions. First, it serves to achieve the proper drain 
load match between the FETs and the IF structure. Second, 
it provides the very necessary isolation of the intermediate 
frequency signal. And third, it serves as a simple filter to 
provide a monotonic decrease in impedance as frequency 
departs from the IF center frequency, f,.(18, 19) This third 
function, shown in Figure 13, prevents.the drain load impe- 
dance from skyrocketing out of control and giving rise to 
distortion products. 


Selection of the dynamic drain impedance value in the IF 


network is a critical point in design of the structure. Inter- 
modulation product distortion and crossmodulation will be 
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both affected by the instantaneous peak-to-peak output 


‘voltage of the FETs, if the value of the dynamic drain impe- 


dance allows these signal peaks to enter either the pinch-off 
voltage or breakdown voltage regions of the transistors.(29) 
If the impedance is too high, the dynamic range of the mixer 
will be severely limited; if the impedance is too low, useful 
conversion gain will be sacrificed. 


A first-order approximation to establish the proper load 
impedance may be obtained when 


_ Yop ~ 2. YGS(off) 

Ry ig (18) 

where 
v 2 

ig =Ipss 1-7 = (19) 

d BSS” VEs(off) 
and 

Vos = Vogt V1 sin wjt (20) 


For the U310 FET, the optimum drain load impedance is 
established at slightly less than 2000 ohms, with sufficient 
local oscillator drive and gate bias determined from the con- 
version transconductance curve in Figure 5. 


The output IF coupling structure is an 800-ohm CT to 50- 
ohm trifilar-wound transformer (Relcom BT-9 or equivalent). 
The pi (7) match into this transformer provided a dynamic 
drain load impedance of 1700 ohms on each FET; excellent 


t 


DISTORTION REGION 


UNCONTROLLABLE 


IZ] }- 


Pi (7) Match Filter Function 
Figure 13 
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IM performance was obtained. Value of operating Q was 
established at 10 as the best compromise to insure that the 
tolerance of the pi match components would permit the IF 
output to peak within the allowable bandwidth at the asso- 
ciated IF amplifier. A Q of more than 10 would result in a 
greatly restricted bandwidth, while a Q of less than 10 would 
result in excessively high capacitance, excessively low induc- 
tance, and unsatisfactory filter performance. 


Mixer Performance 


Tests of the operational prototype FET balanced mixer 
demonstrated that the active mixer has several characteris- 
tics superior to those of passive mixer counterparts. These 
comparisons are made in Table IV (measurements of all 
three mixers were made under laboratory conditions). 


Insertion loss measurements on the IF network amounted to 
3 dB in the center of the passband, while insertion loss on 
the hybrid assembly measured 1.2 dB. The network exhibited 
a Q of 10. Gain and noise figures were measured over the 
full 50-250 MHz bandwidth, with a single-sideband noise 
figure ranging from 7.2 dB at 50 MHz to 8.6 dB at 250 
MHz. Conversion gain was a flat +2.5 dB. 


Two-tone third-order intermodulation is expressed in terms 
of the intercept point.(21) With two signals 300 kHz apart, 
the balanced mixer suppressed third-order products —-89 dB 
with both signals at -10 dBm, representing an intercept 
point of +32 dBm. 


Table IV 


50-250 MHz Mixer Performance Comparison 


Intermodulation Intercept Point | +32 dBm |+28 dBm | +12 dBmt 
(the level for an unwanted 

signal when the desired signal 

Single-sideband Noise Figure@ | 7.2dB | 6.5dB | 6.0aqB | 


Desensitization Level +8.5 dBm} +3 dBm +1 dBmt 
first experiences compression) 
50 MHz 

*Conservative minimum 


tT Estimated 


Figure 14 shows a comparison of third-order IM products 
emanating from both the JFET balanced mixer and a typi- 
cal low-level double-balanced diode mixer, under similar 
operating conditions. Noise figure and intercept point are 
shown at various bias and local oscillator drive levels in 
Figure 15. 


The performance of the active mixer is clearly superior to 
that of the diode mixers, contributing overall system gain 
in areas critical to telecommunications practice, and reducing 
associated amplifier requirements. 


Comparison of 3rd Order IM Products 
Figure 14 
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MEASURED PERFORMANCE SOURCE — INJECTED MIXER 


L.O. POWER +17 dBm AND +22 dBm 
DRAIN LOAD IMPEDANCE 17002, 50002 
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_ Figure 15 


CONCLUSION 


The reason for using the three-core bifilar transformer 
(Figure 11A) in this tutorial article stemmed from the rela- 
tive analytical simplicity of such a design. An alternative 
transformer is the single-core trifilar-wound design. The 
definitions for wire lengths (Equations 16 and 17) are 
equally applicable to trifilar as they are for bifilar. 
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APPLICATION NOTE 


FETs As 


Voltage-Controlled Resistors 


INTRODUCTION 


The Nature of VCRs 


A voltage-controlled resistor (VCR) may be defined as a 
three-terminal variable resistor where the resistance value 
between two of the terminals is controlled by a voltage 
potential applied to the third. 


A junction field-effect transistor (JFET) may be defined as 
a field-controlled majority carrier device where the conduc- 
tance in the channel between the source and the drain is 
modulated by a transverse electric field. The field is con- 
trolled by a combination of gate-source bias voltage, Vcq, 
and the net drain-source voltage, Vps. 


Under certain operating conditions, the resistance of the 
drain-source channel is a function of the gate-source voltage 


alone and the JFET will behave as an almost pure ohmic 


resistor.(1) Maximum drain-source current, Ipgg, and mini- 
mum resistance, DS(on): will exist when the gate-source 
voltage is equal to zero volts(Vgg = 0). If the gate voltage is 
increased (negatively for N-Channel JFETs and positively 
for P-Channel) the resistance will also increase. When the 
drain current is reduced to a point where the FET is no 
longer conductive, the maximum resistance is reached. The 
voltage at this point is referred to as the pinchoff or cutoff 
voltage and is symbolized by Vos = VGs(off): Thus the 
device functions as a voltage-controlled resistor. 
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Figure 1 details typical operating characteristics of an N- 


Channel JFET. Most amplification or switching operations 
of FETs occur in the constant-current (saturated) region, 
shown as Region II. A close inspection of Region I (the un- 
saturated or pre-pinchoff area) reveals that the effective 
slope indicative of conductance across the channel from 
drain to source is different for each value of gate-source bias 
voltage.(2) The slope is relatively constant over a range of 
applied drain voltages, so long as the gate voltage is also 
constant and the drain voltage is low. 
Vps = Ves - Vestort)—=/ LOCUS CURVE 
/ 


REGION |» REGION —— | 
(1) 


NON-SATURATION i Vas = 0 
REGION / | “'oss 
_ / 4 SATURATION 
Z / REGION 
E | 
a 
~ / | Vas <0 
/ 
/ | 
7 
| 
LZ ‘7 
yr l Ves —e Ves(off) 
Vp 


Vps (V) 


Typical N-Channel JFET Operating Characteristics 
Figure 1 
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Resistance Properties of FETs 


| The unique resistance-controlling properties of FETs can be 


deduced from Figure 2, which is an expanded-scale plot of 
the encircled area in the lower left-hand corner of Figure 1. 
The output characteristics all pass through the origin, near 
which they become almost straight lines so that the incre- 
mental value of channel resistance, rg,, is essentially the same 


as that of d.c. resistance, rpg, and is a function of Vgs.) | 


Figure 2 shows extension of the operating characteristics 
into the third quadrant for a typical N-Channel JFET. While 
such devices are normally operated with a positive drain- 
source voltage, small negative values of Vpg are possible. 
This is because the gate-channel PN junction must be slightly 
forward-biased before any significant amount of gate current 
flows. The slope of the Vg bias line is equal to AIp/AVps = 
1/tpg. This value is controlled by the amount of voltage 


applied to the gate. Minimum rpg, usually expressed as 


DS(on)» Occurs at Vg = 0 and is dictated by the geometry 
of the FET. A device with a channel of small cross-sectional 
area will exhibit a high rpg(on) and a low Ings. Thus a FET 
with liigh Ipgg should be chosen where design requirements 
indicate the need for a low 'DS(on): 


Ves = 9 


10 
Vos — Voits 


N-Channel JFET Output Characteristic Enlarged Around Vos = 0 
Figure 2 


Figure 3 extends the rg, characteristics of a FET to a com- 
parison with the performance of 4 fixed resistors, Note the 
pronounced similarity between the two types of devices. 


Vos =0 


10 
Vos — Volts 


Typical rpg curves for several Siliconix N-channel JFETs 
are plotted in Figure 4.(4) The graphs are useful in estimating 
Ipg Values at any given value of Vgg. All quantities given in 
Figure 4 are for typical units, so some variation should be 
expected for the full range of production devices. It is there- 
for deisrable to convert Figure 4 to a normalized plot. This 
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Vgg — GATE-SOURCE VOLTAGE (V) 


Incremental Drain-Source Resistance for Typical N-Channel FETs 
Figure 4 


has been done in Figure 5. The resistance is normalized to 
its specific value at Voy = 0 V. The dynamic range of Ips 
is shown as greater than 100:1, although for best control of 
Ips a range of 10:1 is normally used. 


Siliconix offers a family of FETs specifically intended for 
use as voltage-controlled resistors. The devices are available 
in both N-Channel and P-Channel configurations (Figures 6A 
and 6B) and have 'DS(on) Values ranging from 20 Q to 
4,000 Q (Figure 7). 


Four Fixed Resistors 


Comparison of FET and Resistor Characteristics 
Figure 3 
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(a) N-channel FET (b) P-channel FET 


Circuit Arrangement for Both an N and P Channel FET 
Ves/VGsioff) Figure 6 


Normalized rg, Data 
Figure 5 


VGs(off) — GATE-SOURCE CUTOFF VOLTAGE (V) 


10 102 103 104 
rds(ON) ~ DRAIN-SOURCE ON RESISTANCE (ohms) Simple Attenuator Circuit 
Figure 8 


ds(on) (Drain-Source Resistance at Vng = Vgs = 0) 
Varies as an Inverse Function of VGs(off) 


Figure 7 | 
Applications for VCRs The output voltage is 5257. 
The FET is ideal for use as a voltage-controlled resistor in _ Vin "DS 
applications requiring high reliability, minimum component YOUT~ Ry IDs (1) 


size, and circuit simplicity. The FET VCR will conveniently 
replace numerous elements of conventional resistance con- 
trol systems, such as servomotors, potentiometers, idler pul- 
leys, and associated linkage. FET power consumption is 
minimal, packages are very small, and cost comparisons with 


It is assumed that the output voltage is not so large as to 
push the VCR out of the linear resistance region, and that 
the rpg is not shunted by the load. 


conventional control schemes are most favorable. The lowest value which VOUT Can assume is 
V: 
A simple application of a FET VCR is shown in Figure 8, VOUT(min) = in ‘DS(on) (2) 
cna) Re 'DS(on) 


the circuit for a voltage divider attenuator.(5) 
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The highest value is 


VYOUT(max) ~ Yin (3) 


since rpg can be extremeley large. 


A number of other FET VCR applications are shown in 
Figures 9-16. 


VCR Phase Advance Circuit 


Figure 13 
Vino 
VIN Vout 
Yes O VCR 
Ves 
+ 
Voltage-Tuned Filter Octave Range with Lowest Frequency at JFET . 
VGS(off) and Tuned by R2. Upper Frequency is Controlled by R4 o—_f—__» 
Figure 9 = 


VCR Phase Retard Circuit 
Figure 14 


Electronic Gain Control 
Figure 10 


-EHT 
VOLTAGE 


P-Channel VCR Photomultiplier Load. Required Low Photomulti- 
plier Anode Current (Usually < 1 uA) Implies that VCR will Always 
Perform in Linear Region Near Origin 
Figure 15 


Cascaded VCR Attenuator 
Figure 11 


Wide Dynamic Range AGC Circuit. No Gain through FET with Voltage Controlled Variable Gain Amplifier. The Tee Attenuator 
Distortion Proportional to Input Signal Level Provides for Optimum Dynamic Linear Range Attenuation 
Figure 12 — Figure 16 
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Signal Distortion: Causes 


Figure 17A repeats the FET output characteristic curves of 
Figure 2, to show that the bias lines bend down as Vpg 
increases in a positive direction toward the pinch-off voltage 
of the FET. The bending of the bias lines results in a change 
in rpg, and hence the distortion encountered in VCR circuits, 
note that the distortion occurs in both the first and third 
quadrants. Distortion results because the channel depletion 
layer increases as Vpg reduces the drain current, so that a 
pinch-off condition is reached when Vpg = Vgg - VGs(oft)- 
Figure 17B shows how the current has an opposite effect 


Ves =0 


N-Channel JFET Output Characteristic Enlarged Around Vps =9 
Figure 17A © 


CATHODE 
WHEN SIGNAL 
SWINGS NEGATIVE 


: 
ye Vout 


Figure 17B 


in the third quadrant, rising negatively with an increasingly 
negative Vpg. This is due to the forward conduction of the 
gate-to-channel junction when the drain signal exceeds the 
negative gate bias voltage. 
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Reducing Signal Distortion 


The majority of VCR applications require that signal dis- 
tortion be kept to a minimum. Also, numerous applications 
require large signal handling capability. A simple feedback 
technique may be used to reduce distortion while permitting 
large signal handling capability; a small amount of drain 
signal is coupled to the gate through a resistor divider net- 
work, as shown in Figure 18. 


VCR LINEARIZATION 
Ry 


Vv 
IN 
Vout 


Figure 18 


The application of a part of the positive drain signal to the | 


gate causes the channel depletion layer to decrease, with a 


corresponding increase in drain current. Increasing the drain | 
current for a given drain voltage tends to linearize the Vos. 


bias curves. On the negative half-cycle, a‘small negative volt- 
age is coupled to the gate to reduce the amount of drain- 
gate forward bias. This in turn reduces the drain current and 
linearizes the bias lines. Now the channel resistance is depen- 
dent on the DC gate control voltage and not on the drain 
signal, unless the Vpys = VcGs- VGs(off) locus is approached. 
Resistors Ry and R3 in Figure 18 couple the drain signal to 
the gate; the resistor values are equal, so that symmetrical 
voltage-current characteristics are produced in both quad- 
rants. The resistors must be sufficiently large to provide 
minimum loading to the circuit: 


Ro = R3 210 [Rq IItgg (max) IIRp] | (4) 


Typically, 470K {2 resistors will work well for most applica- 
tions. R, is selected so that the ratio of DS(on) [Ry to 
[tp s(on) I[Rz_) + Ry] gives the desired output voltage, or: 


| TDS(on) HR 
(tps(on) IRL) + Ry 


lo = ej 


(5) 


The feedback technique used in Figure 18 requires that the 
gate control voltage, Vag, be twice as large as Vgg in Fig- 
ure 17B for the same rpg value. Use of a floating supply 
between the resistor junction and the FET gate will over- 
come this problem. The circuit is shown in Figure 19, and 
allows the gate control voltage to be the same value as that 
voltage used without a feedback circuit, while preserving the 
advantages to be gained through the feedback technique. 


Appendix A to this Application Note is an analytical approx- 
imation of VCR FET distortion characteristics, both calcu- 
lated and measured. 
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Figure 19 


Experimental Results 


Figures 20 through 23 show low voltage output character- 
istic curves for a typical Siliconix N-Channel voltage-con- 
trolled resistor, VCR7N. Bias conditions are shown both 
with and without feedback. Figure 20 shows a two-volt 
peak-to-peak signal on the Vgg = 0 V bias curve, with the 
VCR operating in the first and third quadrants. The VCR is 
operated without feedback. 


ID (uA) 


Vos (V) 


VCR7N with No Feedback 
Figure 20 


Ip (uA) 


10 -0.4 0. 0.4 1.0 


VCR7N with No Feedback 
Figure 22 


The forward-biased gate-drain PN junction may be seen at | 
approximately —0.6 V, and bending of the bias curve is 
apparent in the third quadrant. The photo also demonstrates 
the comparison between a fixed resistor (the linear line | 
superimposed on the bias curve) and the distortion apparent 
in the VCR without feedback compensation; the VCR signal 
is unusable with the indicated amount of distortion. _ 


In Figure 21, the same VCR7N FET is shown operating with 
the addition of the feedback resistors. Distortion has been 
reduced to less than 0.5%, and the characteristics of the VCR 
are now closely comparable to those of a fixed resistor. 


In Figures 22 and 23, the same VCR FET characteristics are 
shown, with Vgg adjusted for higher rpg. No feedback net- 
work is employed in Figure 22, and measured distortion is 
greater than 8%. In Figure 23, the feedback resistors have 
been added and distortion has been reduced to less than 
0.5%. 


Ip WA) 
© 


-100 


VCR7N with Feedback 
Figure 21 


Ip (uA) 


VCR7N with Feedback 
Figure 23 
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Some degree of non-linearity will be experienced in both 
the first and third quadrants as VGg approaches the FET 
cut-off voltage. For this reason, it is important that the 
feedback resistors be of equal value so that the non-lineari- 
ties likewise will be equal in both quadrants. Figure 24 
shows a curve of distortion vs R>/R3, in both quadrants. 


DISTORTION — NORMALIZED 


Distortion vs R2/R3 
Figure 24 


Distortion resulting from changes in temperature are also 
minimized by the feedback resistor technique. rpg will 
change with temperature in an inverse manner to the behav- 
ior of FET drain current. Table I presents the result of VCR 
laboratory performance tests of distortion vs temperature. 
The VCR7N again was employed. Signal level was 2 V peak- 
to-peak. 


Table | 


Temperature Without Feedback With Feedback 
(°C) | "DS = "DS{on) DS = 10 rps(on) | "DS = DS(on) | "DS = 10 FpS(on) 


+125 <0.5% 
+ 25 <0.5% 
- 55 <0.5% 


SUMMARY 


This Application Note has presented a brief description of 
the use of junction field-effect transistors as voltage-con- 
trolled resistors, including details of operation, characteris- 
tics, limitations, and applications. The VCR is capable of 
operation as a symmetrical resistor with no DC bias voltage 
in the signal loop, an ideal characteristic for many appli- 
cations. 


Where large signal-handling capability and minimum distor- 
tion are system requirements, the feedback neutralization 
technique for VCRs is an important tool in achieving either 
or both ends. 


It has also been shown that FETs with high pinch-off voltage 
require larger drain-to-source voltages to produce drain cur- 
rent saturation. Therefore, FETs with high V¢goff) will 
have a larger dynamic range in terms of applied signal am- 
plitude, while maintaining a linear resistance. It is advanta- 
geous to select FETs with high Vagorr) (compatible with 
the desired rpg value) if large signal levels are to be 
encountered. 


APPENDIX A — From proceedings of the IEEE, Oc- 
tober, 1968, pp. 1718-1719. 


Abstract — An analytical approximation of FET char- 
acteristics for positive and negative voltages is present- 
ed. The distortion in an application as a controlled 
attenuator is calculated, and a method of reducing 
distortion by a factor of more than SO is described. 


Controlled resistors are used in oscillators, controlled am- 
plifiers, and attenuators.(9.7) The possible control range is 
much larger for field-effect transistors (FET) than for other 
elements with comparable time constants (e.g., diodes). The 
signal-to-noise ratio is considerably improved. 


Comparison Between Mathematical Approximation of FET Charac- 
acteristics (Solid Lines) and Measured Curves (Broken Lines) for 
a Typical N-Channel JFET 
Figure 25 


Figure 25 shows idealized and real FET characteristics. In 
region A (above pinch-off) Ip is independent of Vps:/®) 


2 
Ip =! ues 
D="Dss |! ~-V, (1) 


Region B, where Vpg <(Vgg - Vp), is the so-called triode 
region. (In the following discussion all the signs (+, -) will 
be valid for N-Channel FETs.) The characteristics can be 
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approximated by a quadratic function, of which the maxi- 
mum and a second point (the engin) are known. The approxi- 
mation is 


Yps} (2) 


This is the same function that can be found by a simple 
analysis based on semiconductor theory. The less negative 
of the two voltages across the junction(Vgg, Vgp) controls 
the channel conductance. Under the condition that the FET 


_ is symmetrical (drain and source interchangeable), the fol- 


lowing consideration is true. If Vop were the controlling 
voltage and Vps < 0, Ip < 0, then the characteristics 
would be the same as in the first quadrant: 


- 2Ipss : ps 
D~ v2 DS ( GD~ YP y) 


Since the controlling voltage for both regions (B and E) is 
Vos: 


Vp = Ves - Vps (4) 


Substituting (4) into (3), we get (2); the same approxima- 
tion can be used in B and E. The limits of region E where 
(2) is valid are VGp = 0 and VGp = Vp. The characteristics 
in region D can be found from (1) with the same consider- 


ation: 


V | : (5) 


_ YG 
In =-Ipss f - “ass 


The mathematical approximation is compared with the 
measured characteristic in Figure 25. In the regions C and F 
the junction is forward biased. The characteristics are depen- 
dent on the internal resistance of the gate voltage source 
since gate current flows. . 


The FET as a controlled resistor works in region B and E. 
The higher the resistance, the more non-linear are the char- 
acteristics. For most applications this is undesirable. Based 
on the simple approximation (2), the relation between distor- 
tion, control range, and maximum to minimum attenuation 
will be described for a simple voltage divider [Figure 26(a)]. 
Most applications can be based on this simple example. The 
conductance in any point of region B or E is 


Ip __ #!Dss VGs 
SDS = Vpg Vp Vp 
Ipss __ SDssVDS 
=o *DS 80st 9, © 
"(py DS =8DS Vp 


where gpg is the differential conductance at the origin; 
when Vag = 0, then gng = gpsg. The attenuation for ane 
circuit of Figure 26(a) is 


Vo 1 
Vi ~ J+ Rgps 
(7) | 
1+ Rgps =i 
oe Repss V1 


2Rgeps Vi 
2Vp f + Reps + 2Vp (1 + Reps) 


v4 V2 


(a) 


(b) 


(a) Controlled JFET Attenuator. (b) Controlled Attenuator with 
“Feedback’’ Making Characteristics Linear and Symmetrical 
Figure 26 


To reduce (7) to a more tractable form, the following in- 
equality is introduced: 


V, Rg 
1] SDSS 5 <<] 


so that (7) can now be approximated by the expansion 


+ _ (8) | 


Only the second harmonic will be considered for the distor- 
tion since the third is much smaller. For small distortion 
(d<< land Rgpgs >> 1), 


a eee _ Reps V1 
2 2Vp 


1 + spsR [1 + Reps]? 


____V1 Repss 7 (9) 
4 |Vpi [1 + Reps] 


If V> is held constant, 


V2 Reps = V2 


ee eR ee 10) 
4 |Vp| [1 + Rgeps| 4 |Vp - Ves (10) 
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DISTORTION (PERCENT) 


0.1 Vas(oft 


05 1 
Ves/Vesi(oftf) 


Distortion as a Function of VGgs/VGs(off) for Two Different 

V2/VGsloftf). (a) Theoretical for Figure 26(a). (b) Measured with 

Circuit of Rguts 26(a). (c) Measured with Circuit of Figure 26(b) 
Figure 27 


Figure 27 shows a comparison of measured and calculated 
distortion. If Vgg approaches Vp, the above restrictions are 
violated; the expression for the distortion can no longer be 
applied. If Vpg <0, Vgg = 0, then the FET works in region 
F; the distortion will be higher than predicted. From (10) 
we get for a prescribed maximum distortion a maximum 
amplitude as a function of Vgg: 


V2max = 4dmax !Vp - Vos! (1) 


For a given diay and Vomax the ratio of minimum to 
maximum attenuation is. 


0 | + Repss =, tmax VP! 
Amax feb Raee V2max Vomax (12) 
4dimax IVp| 


valid only for m > 1. Note that the maximum distortion is 
reached only for minimum attenuation. Examples: 


dmax = 10 percent Von9x = 0.001 Vp m= 400 


d ] percent Vomnax=0.01 Vp m= 4 


max ~ 


Although these relations are only first-order approximations, 
they give a good estimate of FET attenuator characteristics. 
The maximum amplitude is proportional to Vp. FETs with 
high Vp are desirable for attenuator applications. Unfortun- 
ately, the majority of commercially available FETs are made 
with low Vp for use in amplifiers. 
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There are several means of reducing distortion. By connect- 
ing two identical FETs in antiparallel or antiseries, non- 
linearities can be cancelled out to a certain extent. A better 
linearization is possible by using one FET with “‘feedback”’. 
It has been shown above that the characteristics would be 


_ symmetrical if Vgp were the control voltage in the third 


quadrant. By adding 0.5 Vpg to the control voltage, the two 
voltage Vgg and Vgp interchange when Vpg changes sign: 


Vcs = VH + 0.5 Vps 


(13) 
VcGp = VH - 9.5 Vps 
then (13) used in (2) gives 
2IDss 
Ip = a, eae Vps (VH - Vp) (14) 
V“p 


The resulting characteristic is linear and symmetrical in B 
and E. The improvement in distortion performance can be 
seen in Figure 27. A distortion of 12 percent for V5 = 0.1 
Vp at Vog = 0.8 Vp is reduced through linearization to 0.1 
percent. Figure 26(b) shows a possible circuit. The frequency 
range of the controlled signal must be much higher than that 
of the controlling signal Vj, to keep the direct interference of 
Vy on V> small. R3 is set for minimum distortion. If V5 
and Vy, are in the same frequency range, a high impedance 
amplifier must be used. V> is at the input; the output is 
connected to the FET gate. The amplification is approxi- 
mately 0.5 (adjustable). The control voltage is introduced 
through a second input so that no direct interference with 
V5 occurs. 
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DESIGN IDEA 


The FET Constant Current Source 


INTRODUCTION 


The combination of low associated operating voltage and 
high output impedance make the FET attractive as a con- 
stant current source. An adjustable current source may be 
built with a FET, a variable resistor and a small battery, 
Figure 1. For good thermal stability, the FET should be 
biased near the zero T.C. point.! 


Field-Effect Transistor Current Source 
Figure 1 

Whenever the FET is operated in the saturated region, its 
output conductance is very low. This occurs whenever the 
drain-source voltage Vpg is significantly greater than the 
cut-off voltage Vag off). The FET may be biased to operate 
as a constant current source at any current below its satura- 
tion current Ipgg. 


For a given device where Ipgg and VGs(offy are known, the 
approximate Vqs required for a given Ip is 


Ip \ VK 
Vos = VGs(off) h -(2.) (1) 


where k can vary from 1.7 to 2.0, depending upon device 
geometry. The series resistor Rg required between source 
and gate is 


Sra (2) 


A change in supply voltage, or change in load impedance, 
will change I by only a small factor because of the low out- 
put conductance gy... 


Alp = AVps8oss (3) 


The value of g,,, is an important consideration in the accu- 
racy of a constant current source. AS 8,., may range from 
less than 1 umho to more than 50 umho according to the 
FET type, the dynamic impedance can be greater than 
1 megohm to less than 20K. This corresponds to a current 
stability range of 1 uA to 50 pA per volt. The value of go.. 
depends also on the operating point, being highest at Ipgg 
and at low Vps. Output conductance gy, decreases approx- 
imately linearly with Ip, becoming less as the FET is biased 
toward cut-off. The relationship is 


2D _ 50ss_ (4) 
Ipss Boss 
where 
Boss = Boss | (5) 
when 
Vos = 0 (6) 


So as Vog >VGs(off)> Soss>Zer0- For best regulation, Ip 
must be considerably less than Ipgg. 


It is possible to achieve much lower go,. per unit Ip by 
cascading two FETs as shown in Figure 2. 


Cascade FET Current Source 
Figure 2 


Siliconix 


Now, Ip is regulated by Qy and Vps ; =—Vggp. The d-c 
value of Ip is controlled by Rg and Q,. However, Q, and 
Q> both affect current stability. The circuit output conduc- 
tance is derived as follows: 


Figure 2 is redrawn in Figure 3 for the condition Vgg, = 0. 


Vgs29Fs2 
Soss2 


Vds1 = ~Vqs2 
= ip/Soss1 


(a) (b) 
Figure 3 

se tie 7 . 8fs2 
Io = 12 + Ves98fs2 = Vds28oss2 ~ lo Soest (7) 
2 Vds28o0ss280ss1 (8) 

Soss1 + &fs2 
ig 
Vo = Vdsi * Vds2 = Yds2 * ae (9) 
ee 8oss1 + 8oss2 * 8fs2 (10) 
: : 8oss1 + &fs2 
: si 2 8oss180ss2 (11) 
| ° Vo Bossi + 8oss2 + 8fs2 
If So881 = 8oss2 (12) 
ay a OS A (13) 
© 2+ g¢s/Boss 
When 
Rg # 0 as in Figure 2 (14) 
2 
7 Boss 
80 - 5 4 +R ( a) re rn 2) d 5) 
Boss * 8fs S \8fs~ T 8oss8fs T 80ss 

Bese (16) 


~ gts (1 + Reges) 


| In either case (Rg = 0 or Rg #0), the circuit output con- 
| ductance is considerably less than the g,.. of a single FET. 


In designing any cascaded FET current source, both FETs 


| must be operated with adequate drain-gate voltage Vpc. 
That is, 


VpoG > VGS(off) preferably Vpg > 2 VGS(off) (17) 


If Vong <2 Ves(ofty, the 8ogg will be significantly increased, 
and circuit g, will deteriorate. For example: A 2N4340 has 
typical gg, = 4 umho at Vpg = -20 V and Vag = 0. At 
Vps ~ -VGS(off) =2V, Soss ~ 100 umho. 


The best FETs for current sources are those having long 
gates and consequently very low g,.,. The Siliconix 2N4869 
exhibits typical g,,, = 1 umho at Vpg = 20 V. A single 
2N4869 in the circuit of Figure 4 will yield a current source 
adjustable from 5 wA to 1 mA with internal impedance 
greater than 2 megohms. 


Rg = 1MQ, 2W 


Adjustable Current Source 
Figure 4 
The cascade circuit of Figure 5 provides a current adjustable 
from 2 uA to 1 mA with internal resistance greater than 
10 megohms. 


Q, = 2N4340 
Q, = 2N4341 
Rg = IMQ, 2W 


Cascade FET Current Source 
Figure 5 


For each circuit discussed, g,., is represented by the fol- 
lowing equations: 


D | D 
a 
Soss 


80 ~ Soss Bo~ T+ Reefs 


D 
a | 
D 5 
| ian 
2 : 


_ Boss” te Soss 
FO  BFs 0” Bfs (1 + Regge) 
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Wideband UHF Amplifier with 
High-Performance FETs 


INTRODUCTION 


A new freedom in UHF amplifier. design is possible with 
high-performance “Super FETs” such as the Siliconix U310 
Junction FET. Typical advantages include a closely-matched 
75 ohm input for extremely low return loss in cable systems, 
and high spurious response rejection with the 3rd order IM 
intercept measured at +29 dB.) 


Additionally, the high common-gate forward transconduc- 


Ed Oxner 


The amplifier circuit in Figure 1 is designed for 225 MHz 
center frequency, 1 dB bandwidth of 50 MHz, low input 
VSWR in a 75-ohm system, and 24 dB gain. Three stages of 
U310 FETs are used, in a straight forward design. 


Typical parameters are taken from the U310 data sheet: 


t f the U310 (20,000 ymh ; yaiakes it Forward Transconductance 14 mmhos 
ance of the ,000 uymho maximum) makes it possi- 
7 : ; t Ad 
ble to design an amplifier with wide bandwidth and good PAPE era rance BU eee Bigs 13 mmhos 
gain, since the figure of merit (g,,/C) of the FET is 2.35 x Digs 4 mmhos 
10? typical — ‘higher than any other known UHF Junction Output Admittance at 225MHz = ggg, ~—-0.27 mmhos 
FET. . bogs 2.6 mmhos 
7522 Cy Ca 
IN = 2 
= Ly Lo L3 
C2 C3 Cs Cg 
R; = Ro = 
RFC, RFC> J 
Vp =+20V 
C;,C4, C7, Co = 68 pF L1,l3,bs5 = 120 nHy 
C2,C5 = 500 pF Lo,b4,bLe6 = 222 nHy 
C3,Cg,Cg = 1000 pF RFC,,RFC) =2.2nHy 
Q;, Qo. Qe = Siliconix U310 R,, Reo 12 
Figure 1 
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| U0 
Input match is simplified because the FET input (real) impe- Three cascaded synchronous single-tuned stages are used to | ™ 
dance is nearly 77 ohms. A coupling capacitor is used in the achieve the desired gain, and thus stage bandwidth and Q N 
amplifier, rather than a tuned circuit, and thus the values are determined: (2) .) 


may be determined: 


= XK,=75 - 1=11.85Q 
=X,= gg ttod: 
i where 
C, = wX, =~ 68 pF 
Bandwidth of 3 Stages(3)__ 94/3 
URRp 75x77 Bandwidth of 1 Stage ~~  ~! | 
Roe es : 
and 
Cp= 1.47 pF 
Eo 
Cy = 4.4 pF (Cr =Cp + Cigs) — = 1.122 (1 dB) 
L, = a 120 nH a* 
S w2Cy ead giving 
Figure 2 shows that the measured input VSWR in the 75- B/W (1 dB) = 98 MHz 
ohm system indicated an available bandwidth considerably 
greater than that required for the amplifier design criteria. Q=1.15 
200 MHz 
400 MHz 


Blanchard Chart (Inverted Circle Impedance Chart) 
Figure 2 
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With a FET output impedance of 3700 ohms shunted by 
approximately 2.5 pF (with 0.5 pF allowed for stray capaci- 
tance), the total parallel resistance necessary to obtain the 
desired bandwidth is: 


Q= wCR; 


1.15 
R, = -———_— > = 3302 


1.415 x 10? x2.5x107!2 


The tank circuit impedance appearing in shunt with the FET, 


is therefore calculated to be about 365 ohms. From this, the 


inductance is: 


Era Lis 222 nHy 


with a turns ratio of 2.3:1 to match to 75 ohms, Since each 
stage is designed for 75 ohm input and output, three cas- 
caded stages complete the amplifier design. 


The computed voltage gain per stage is approximately 
Bes Ry jn OF 2.22 (7 dB). Measured gain for all three stages is 
24 dB. The U310 FET in the final stage operates at Ipgg, 
and thus accounts for the higher measured gain. The gain/ 
bandwidth response of the amplifier is shown in Figure 3. 


The 3rd order spurious intercept point is plotted graphically 
in Figure 4.{4) The importance of a high intercept point 
becomes apparent in a crowded high-level area of the spec- 
trum where signal purity is of utmost priority. 
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High-Performance FETs 
In Low-Noise VHF Oscillators 


Ed Oxner 


Most communications receivers are limited in their dynamic range because of saturation in the early stages of RF ampli- 
fiers or mixers. However, some receiver designs are available which overcome this limitation by using parametric amplifiers and 
converters to achieve spectacular increases in dynamic range. There still remain certain limitations in dynamic range which 
cannot be remedied by parametric devices. In these cases, the problem lies in the heterodyning of noise sidebands which ap- 
pear on the receiver local oscillator, entering the passband through strong interfering signals. 


Common Types of Noise 


Although noise is often difficult to characterize because of its random or nondeterministic nature, it is possible to differen- 
tiate various forms of noise through an understanding of the Gaussian distribution of noise about an RF carrier. Briefly stated, 
the three major forms of noise are (1) low-frequency noise (1/f); (2) thermal noise (4kTRB); and “shot” noise (in). Further, 
these types of noise can be identified from their relationship to the main RF carrier. For example, low-frequency noise pre- 
dominates very close to the carrier, and falls to insignificant levels when it is displaced more than 250 Hz from the carrier. 
Low-frequency noise is associated with surface contamination and other irregularities, such as gate current leakage. 


Thermal noise plays the predominant role in the region from the 1/f decay point to approximately 20 kHz from the carrier, | 


and is commonly associated with equivalent resistance where the rms value of noise voltage of the Thevenin generator becomes 
the classic (4kTBR)”. Noise appearing beyond the 20 kHz is known as Shot noise, and is directly attributable to noise current. 
Because of the typically uniform distribution of shot noise it is also referred to as “white noise.” 


Origins of Oscillator AM Noise 


Although an oscillator tends to produce a wave that is nearly sinusoidal, there are other fluctuations present. When the energy 
in the frequency domain close to the carrier is observed on a spectrum analyzer, noise appears as a modulation phenomenon. 
This observation would be greatly enhanced if the noise contribution was coherent and consisted of discrete sideband fre- 
quencies. Without a doubt, the major component of AM noise is the contribution of low-frequency noise (1/f). Both thermal 
and shot noise are relatively insignificant segments of AM noise when compared to 1/f. A graph of AM noise vs frequency 
removed is shown in Figure 1. 
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AM Noise vs Frequency Removed from the Carrier 
Figure 1 
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Design of a VHF Oscillator 


The important design considerations for best oscillator performance include using a FET with high forward transconductance, 
maintaining the gate at ground potential, and keeping a high unloaded tank Q. The high transconductance is necessary to 
reduce the effective noise resistance. The grounded gate reduces the noise voltage contributions to those of the gate leakage 
current and the series gate resistance. The high tank circuit Q serves as an effective filter for the sideband noise energy. 


DI73-2 


’ The oscillator design is somewhat extraordinary for a circuit employing a FET. The FET chosen was the Siliconix U310, which 
has a forward transconductance value higher than 18 mmho at zero bias (VGs = 0). The oscillator basically consists of two co- 
axial resonators, one for the FET source and the other for the drain. Oscillation is established by capacity coupling between | 
. the two. resonators; output coupling is derived from the magnetic coupling which exists at the open ends of the resonators. 
Optimum resonator Q is achieved by designing the coaxial resonators for a characteristic impedance of 75 ohms. The oscilla- 

tor.circuit is shown in Figure 2, and construction details are shown in Figure 3. 


C3 
~ 1 pF (SEE TEXT) 


QT 
Siliconix U310 


1000 pF 
+VD 


Oscillator Circuit ix * Oscillator Construction Details 
_ Figure 2 3 . Figure 3 


The technique to establish the proper resonator length for the desired frequency is somewhat tricky, and requires a first-order 
approximation of the anticipated capacitive fringing which derives from both the FET and the feedback network. A short cir- 
cited coaxial transmission line is theoretically resonant at a quarter-wave length of the resonating frequency, except for the 
effects of fringe field capacitance. At resonance 


XL = XC (1) 


If the fringe capacitance is known, X¢ can be calculated as 
a we . ; (2) 
From this, the resonator length can be determined as 
Xc = tan BL : (3) 


In making these calculations, a Smith chart is invaluable, as is shown in the following illustration: 


Frequency of oscillation = 760 MHz 
FET bigs (from data sheet) = 16 mmho 
Capacitance from Digs Cys = 3.4 pF 
Allow for stray capacitance and 
the feedback network Cs = 1.5 pF 


| -4,9 pF 
Thus Xc = j 0.57 (normalized to 75 QQ) 


Locate 0.57'on the Smith chart. The wavelength toward the load = 0.081 i. Since a wavelength at 760 MHz is 39.5 cm., then 
the resonator cavity length is simply 


39.5 x 0.081 =3.20cm(1.26inches) , _ (4) 
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In the completed FET coaxial oscillator circuit, the output coupling loop consists of a single turn made fast to the cavity by — 
the BNC flange and the FET itself. Although the feedback network appears somewhat crude, it can be replaced by a small 
trimmer capacitor for similar operation. 


Conclusions 


Measured performance of the oscillator is shown in Table IA; AM noise measurements in a 10 Hz bandwidth are shown in Ta- 
ble IB. 


TABLE IB 
TABLE IA AM Noise Measurement 
Oscillator Measured Performance @ 25°C Frequency Displaced From Carrier 


VprtVv) +10 LB Ge) +20 +25 
Ip mA) 15 162 189 °' ~ 2] 
Pout (dBm) +6.6 +15.2 +18.3 +20 
Frequency (MHz) 725 742.7 754.7 762.9 


The Reike diagram shown in Figure 4 makes possible the accurate prediction of expected power output and operating fre- | 
quency with the oscillator feeding directly into a mismatched load. Expansion of the Reike diagram to show frequency vs | 
transmission line length (in degrees) will allow prediction of the long-line effect on oscillator stability. 
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INTRODUCTION 


Engineers often design FET amplifiers that are unnecessarily 
sensitive to device characteristics because they may not be 
familiar with proper biasing methods. 


One way to obtain consistent circuit performance in spite of 
wide device variations is to use a combination of constant- 
voltage and self biasing. The combined circuit configuration 
turns out to be the same as that generally used with bipolar 
transistors, but its operation and design are quite different. 


Three Basic Circuits 


Let’s examine three basic common-source circuits that can 
be used to establish a FET’s operating point (Q-point) and 
then see how two of them can be combined to provide 


greatly improved performance. The three basic biasing 


schemes are: 


© Constant-voltage bias, which is most useful for rf and 
video amplifiers employing small dc drain resistors. 


@ Constant-current bias, which is best suited to low- 
drift dc amplifier applications such as source followers 
and source-coupled differential pairs. 


@ Self bias (also called source bias or automatic bias), 
which is a somewhat universal scheme, particularly 
valuable for ac amplifiers. 


The Q-point established by the intersection of the load line 
and the Vog = -0.4 V output characteristic of Figure 1 
provides a convenient starting point for the circuit compari- 
son. The load line shows that a drain supply voltage, Vpp, 
of 30 V and a drain resistance, Rp, of 39K 2 are being used. 


The quiescent drain-to-source voltage, Vpsa> is 15 V, 
allowing large signal excursions at the drain. Maximum input 
signal variations of +0.2 V will produce output voltage 
swings of +7.0 V — a voltage gain of 35. 


Reprinted From ELECTRONIC DESIGN, May 24, 1970, June 7, 1970. 
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Ip (mA) 


0 10 20 30 40 
Vps (VOLTS) 


Figure 1. A large dynamic range is provided by the operating point 
at Vpso = 15 V, Ipq = 0.39 mA and Vgsq = -0.4 V. The output 
characteristics are for a typical 2N4339. 


_ The constant-voltage bias circuit (Figure 2) is analyzed by 


superimposing a line for Vog= constant on the transfer 
characteristic of the FET. 


*VDD ss Vps= 15 V 


OUTPUT 


CONSTANT 
Vgg LOAD 


(wu) Oy 


-1.6 -1.2 -0.8 
Ves (VOLTS) 


Figure 2. Constant-voltage bias is maintained by ‘the VGqG supply as 
shown on this typical 2N4339 transfer curve. Input signal @g moves 
the load line horizontally. 
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The transfer characteristic is a plot of Ip vs Vag for constant 
Vps- Since the curve doesn’t change much with changes in 
Vpg, it is quite useful in establishing operating bias points. 
In fact, it is probably more useful than the output character- 
istics because its curvature clearly warns of the distortion to 
be expected with large input signals. Furthermore, when a 
bias load line is superimposed, allowable signal excursions 
become evident and input voltage, gate-source signal voltage, 
and output signal current calculations may be made 
graphically. 


The heavy vertical line at Vog = ~0.4 V establishes the Q- 
point of Figure 1. No voltage is dropped across resistor Rg 
because the gate current is essentially zero. Rg serves main- 
ly to isolate the input signal from the Vag supply. 


Excursions of the input signal, Cg, combine in series with 
Vos so that they add algebraically to the fixed value of 
~—0.4 V. The effect of signal variation is to instantaneously 
shift the bias line horizontally without changing its slope. 
The shifting bias line then develops the output signal current 
as shown in Figure. 2. 


The constant-current bias approach (Figure 3) for establish- 
ing the Q-point of Figure 1 requires a 0.39-mA current 
source. For an ideal constant-current generator, input signal 
excursions merely shift the bias line horizontally and pro- 
duce no resultant gate-source voltage excursion. This bias 
technique is therefore limited to source followers, source- 
coupled differential amplifiers, and to ac amplifiers where 
the source terminal is bypassed to ground at the sig- 
nal frequency. 


*VppD 


OUTPUT 


-1.6 -1.2 -0.8 | -0.4 | 0 
Ves (VOLTS) @g = 20.1 V PK 
|? Siena 


Figure 3. Constant-current bias fixes the output voltage for any Rp. 
Hence, input signals cannot affect the output unless the current 
source is bypassed. 


If an ac ground is provided by a bypass capacitor across the 
current source, a vertical ac bias line will be established. 
Input signal variations will then translate the ac bias line 
horizontally, and signal development will proceed as with 
constant-voltage biasing (Figure 3). 


Should the bypass capacitor not provide a sufficiently low 
reactance at the signal frequency, the ac bias line will not be 
vertical. It will still intersect the transfer curve at the Q- 
point but with a slope equal to -(1/X¢) =-w0C (Figure 4). 
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AC:LOAD LINE 
SLOPE— wC 


(wu) Oj 


-1.6 ~1,2 -0.8 
Ves (VOLTS) ~Ves Ct] 


Figure 4. Partial bypassing of the current source (Figure 3) lowers 
the circuit gain by tilting the ac load line from the vertical. The 
capacitor drop subtracts from eg. 


This will lower the gain of the amplifier because of signal 
degeneration at the source. The input signal, eg, is reduced 
by the drop across the capacitor: 


Vos = &g — VS = eg ~ ig XC (1) 


It is clear from Figure 4 that the input signal only shifts the 
operating point by an amount equal to Vgs, the effective 
input signal. As the signal frequency is decreased, the slope 
of the ac bias line decreases, causing the effective input sig- 


nal to approach zero. 


Self Bias Needs No Extra Supply 


The self-bias circuit (Figure 5) establishes the Q-point by 
applying the voltage dropped across the source resistor, Rg, 
to the gate. Since no voltage is dropped across Rg when 
Ip = 9, the self-bias load line passes through the origin. Its 
slope is given by -1/Rg. Therefore, the desired Q-point is 
established by setting -1/Rg = Ipg/Vgso- 


*Vpb 


OUTPUT 


SELF-BIAS DC 
LOAD LINE 


(wu) | 


Vgs (VOLTS) 


Figure 5. The self-bias load line passes through the origin with a 
slope -1/Rs. Bypassing Rg will steepen the slope and increase the 
gain of the circuit. 


Signal development is the same as in the case of the partially 
bypassed constant-current scheme except that the load line 
is a dc bias line. Signal degeneration is described by Equa- 
tion 1 with Xc replaced by Rg. The ac gain of the circuit 
can be increased by shunting Rg with a bypass capacitor, as 
in the constant-current case. The ac load line then passes 
through the Q-point with a slope — (1/Zg) = -(wC + 1/Rg). 
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The circuit is biased automatically at the desired Q-point, 
requires no extra power supply and provides a degree of cur- 
rent stabilization not possible with constant-voltage biasing. 


A fourth biasing method, combining the advantages of con- 
stant-current biasing and self biasing, is obtained by combin- 
ing the constant-voltage circuit with the self-bias circuit 


_ (Figure 6). A principal advantage of this configuration is 
that an approximation may be made to constant-current 
- bias without any additional power supply..The bias load line 


may be drawn through the selected Q-point and given any 
desired slope by properly choosing Vg. (The bias line inter- 
cepts the Vgg axis at VGq.) The larger Vgg is made, the 
larger Rg will be and the better will be the approximation 
to constant-current biasing. 


+Vpp 


OUTPUT 


Vps = 15V 


-1.6 -1.2 -0.8 -0.4 0 +0.4 +0.8 +1.2 +1.6 
Ves (VOLTS) Were} 


Figure 6. All three combination-bias circuits are equivalent. They 
add constant-voltage biasing to the self-bias circuit to establish a 
reasonably flat load line without sacrificing dynamic range. 


All three circuits in Figure 6.are equivalent. Circuit 6(a) 
requires an extra power supply. The need for an additional 
supply is avoided in 6(b) by deriving Vog from the drain 
supply. R; and R» are simply a voltage divider. To maintain 
the high input impedance of the FET, R, and Ry must 
both be very large. 


Very large resistors cannot always be found in the exact ratio 
needed to derive the desired Vg in every circuit applica- 
tion. Circuit 6(c) overcomes this problem by placing a large 
Rg between the center point of the divider and the gate. 
This allows Rj and R» to be small, without lowering the 
input impedance. ok . 


One point of caution worth remembering is that as Vgq is 
increased, Vg increases, and Vpg decreases. Therefore with 
low Vpp; there may be a significant decrease in the allow- 
able output voltage swing. 


Biasing for Device Variations 


The value of the combination-bias technique becomes ap- 
parent when one considers the normal production spread of 
device characteristics. The problem is illustrated in Figure 7 


Ip (mA) 


0 10 20 30 40 50 
Vps (VOLTS) 


Ip (mA) 


Vps (VOLTS) 


Figure 7. The wide variations in device performance shown by this 
pair of output characteristics make clear the disadvantages of con- 
stant-voltage biasing. . 


where two limiting sets of output characteristics, represent- 
ing the actual min-max spread of the Siliconix 2N4339, are 
presented. Limiting characteristics like these are not nor- 
mally available. Even if they were, however, they'd be of 
little help in establishing operating points suitable for all 
devices with output characteristics lying between the two 
extremes. The problem is much more easily approached by 
using the set of limiting transfer characteristics of Figure 8. 
(See next page.) 


Attempting to establish suitable constant-voltage bias condi- 
tions for a production spread of devices is practical only for 
circuits with very small-values of dc drain resistance — for 
example, circuits with inductive loads. As the constant- 
voltage bias plot of Figure 8 reveals, constant gate bias causes 
a significant difference in operating Ipg for the extreme 
limit devices. At Vgg = -0.4 V, the range of Ing is 0.13 to | 
0.69 mA, and Vpgq for a given Rp will vary greatly for 
most resistance-loaded circuits. For the example of Figure 1, 
with Rp = 39K 92 and Vpp = 30 V, Vpso varies from near 
saturation (5 V) to 25 V. 


An apparently excellent method of biasing is the constant- 
current method of Figure 3. Biasing in this manner fixes the 
operating drain current for all ‘devices and sets Vpgqg to 
Vpp —- IpgRx for any device in the production spread. 
Vcs automatically finds a value to set the appropriate © 
Ipo = constant for all devices. For the constant-current 
bias plot of Figure 8, with Ing = 9.39 mA, Vgg would 
range from —0.11 to —0.67 V. 
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Figure 8. The advantages of combination biasing, when one is working with a spread of device characteristics, are made obvious by plotting 
the load lines for the various types of biasing on a pair of limiting transfer curves. 


Output characteristics are not needed as long ‘as Ing is 
chosen to be below the minimum Ipgg. With Rp = 39K 2 
and Vpp = 30 V, VpsQ is 14.8 V for all devices. 


The disadvantages of the constant-current method are that 
it allows no signal to be developed unless the current source 
is bypassed and, as we shall see, it lacks the flexibility to 
provide constant gain despite variations in the forward 
transconductance, gr, of the devices. 


The self-bias scheme is a reasonable choice for single-ended 
dc amplifiers and for ac amplifiers. In unbypassed or de cir- 
cuits, some compromise must be made between the gain 
loss due to current feedback degeneration and the advantage 
of current stabilization achieved with high Rs. 


An appropriate choice of Ing limits can be made by using 
the pair of limiting transfer curves. For example, for Rg = 
1K 82, the load line shown on the self-bias curve of Figure 
8 is established. The maximum Ip is 0.52 mA, and the min- 
imum Ip is 0.24 mA. The operating range of Vpsq may be 
calculated for any value of Vpp and Rp. Clearly, for 
Rp = 39K Q, the maximum-limit device (device B) would 
operate with Vnso = 9.8 V and the minimum-limit device 
(device A) would operate with VpsQq = 20.6 V. This results 
in fairly satisfactory operation for all devices. However, such 
a variation in Ing imposes severe limitations on the cir- 
cuit design. 


A better approach is illustrated by the combination-bias 
curve of Figure 8 with Voc = 1.2 V. The range of IDg for 


this bias condition is 0.25 mA to 0.32 mA. A similar mini- 
mum difference in Ing could be achieved with Rg = 6K Q 
and Vaq = 0, (a self-bias condition) but the operating points 
would be pushed toward the toe of the transfer characteris- 
tics and allowable signal input would be reduced. 


The upper load line allows vy, = +1.8 V (limited by Ipgga), 
while the lower line allows a Ygs Of only +0.7 V (limited by 
VGS(off)A)- (The subscript letters A and B refer to the min- 
imum and maximum devices, respectively.) The combination 
circuit allows almost ideal operation over the full production 
spread of devices. Even with Rp = 62K 2, the Vpgq would 
range only between 10 and 15 V. 


For this circuit, Rp should be chosen to allow the largest 
output signal swing for Ipg midway between the two 
extremes of 0.25 and 0.32 mA; namely 0.285 mA. Setting 
the: voltage drop across Rp at one-half of (Vpp - 
2VGS(off)typ) or 14 V, yields Rp = (14 V/0.285 mA) = 
49K 2. 


It is helpful, in any design, to know the effect of tempera- 
ture variations on the transfer curves and transconductance 
characteristics. Ideally, minimum and maximum transfer 
characteristics would be plotted at three temperatures: 
above, below, and at room temperature. Then the design 
would take all types of variation into account. 
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Minimize the Gain Variations 


Leaving Rg unbypassed helps reduce gain variations from 
device to device by providing degenerative current feedback. 
However, this method for minimizing gain variations is only 
effective when a substantial amount of gain is sacrificed. 


A better approach is to use the combination-bias technique 
with the bias point selected from the transfer and transcon- 
ductance curves (Figure 9). 


Vps = 15 V 


(wu) O) 


-1.2 -0.8 | 
Vgg (VOLTS) f Y 


Figure 9. Gain variations are minimized when the load line is de- 
signed to intersect the pair of limiting transfer curves (top) at points 
of equal g¢, (bottom). 


As Figure 9 shows, it is possible to find an Rg and a Vag 
that will set Inga and Ingp to values so that ges¢ will be 
the same for both devices. The gro of all intermediate 
devices will be approximately equal .to the limiting values. 
Thus, a constant, or nearly constant, stage gain is obtained 
even with a bypass capacitor. | 


| The design procedure is as follows: 


Step 1. Select a desired Inga below Ipgsa- A good 
value, allowing for temperature variations, is 
60% of Ipgsa- This will allow for decreasing 
Ipss due to temperature variation and for 


reasonable signal excursions in load current. 


Step 2. Enter the transfer curves at Ing a= 


VGSOA = 0.2 V for the 2N4339. 


Drop vertically at Vesoa to the minimum 
limit transconductance curve to find gga. 
The value as read from the plot is approxi- 
mately 1000 umho. 


Step 3. 


Travel across the gr, plot to the maximum 
curve to find Vggqp at the same value of 
Sfs: This is VGSQB =-0.7 V. 


Step 4, 
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Step 5. Travel vertically up to the maximum limit 
transfer curve to find Ings at Vesqn- This 
is Ings =~ 0.36 mA. 

Step 6. Construct an Rg bias line through points 


Qa and Qp on the transfer curves. The slope 
of the line is 1/Rg, and the intercept with the. 
Vos axis is the required Vag. 


As Figure 9 demonstrates, it may be somewhat inconvenient 
to perform Step 6 graphically. An algebraic solution can then 
be employed instead. The source resistance is given by 


Rs = (Vgsga - Vosop)/Cpgs - pga) (2) 


and the bias voltage is 


Vcc = Rs Ipopt Ycsos (3) 


Care should be taken to maintain the proper algebraic signs 
in Equations 2 and 3. (For n-channel FETs, Vgq is negative 
and Ip is positive. For p-channel units, the signs are reversed.) 


If the transconductance curves of Figure 9 are not available, 
Zr, can be determined by simply measuring the slope of the 
transfer curve at the desired operating point. Just place a 
straight-edge tangent to the curve at the Q-point and note 
the points at which it intercepts the Ip and Vcg axes. The 
slope and ge, are given by: 


Slope = gf = ID(intercept)/ ~ VGS(intercept) (4) 


In designing a constant-gain circuit, simply set the straight- 
edge tangent to the transfer curve of device A at point Q, 
and slide it, without changing its slope, until it is tangent to 
the curve of device B. The tangency point is Qp. 


Designing Without Output Curves 


Although the transfer characteristic has been seen to be 
extremely valuable in designing a bias circuit, it cannot be 
used to graphically establish Vpsq- However, if a set of out- 
put curves is not available, VbsQ can be determined or 
selected from the transfer curve by using the follow- 
ing procedure: 


Step 1. Establish Rg and limiting values of Ina: 


VGsq and g¢sq from the transfer curve. 


Step 2. Establish Vpp as available, but in no case 

greater than BVGgg nor less than several 

times Vog(off). There are special cases where | 
Vpp will be below this limit, but in no case 

should instantaneous Vdg be allowed to fall 

below 2 x VoS(off) if minimum distortion is 

to be achieved. . 


Step 3. Set Vnsq approximately midway between 
Vpp and 2 x Veg(offy; lower if large output 


signals will not be handled. 


Select Rp to give the appropriate Vpsq: The 
formula is: 


Step 4. 


Rp = [(Ypp - Vpsq)/9-5 Inga t Ips] -Rs (5) 
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In the example of Figure 8, this procedure would have 


yielded Vpgq = (30-3)/2 = 13.5 V and Rp = (30 - 13.5)/0.5 
(0.52 + 0.24) mA ~ 1K Q = 42.5K Q. 


Check to ensure that with this Rp, device B 
is not in a saturated condition — VpQB = 


Vpp ~ pBe Rp > 2Ves(oft) + Rs IpBa- 


Step 5. 


Decrease Rp if this condition is not met. 


An alternate method, that selects Rp to provide a specified 
voltage gain, follows Steps 1 and 2 above and then proceeds 
as follows: 


Step 3. Determine required stage gain, A,, and set 
Rp = Ay/8tsq- 
Step 4. Calculate Vpso to ensure that the criteria 


of Step 2 are not violated: 


Vpsq = Vpp - (Rp + Rs) Ipg (6) 


Step 5. If necessary, change Ing: Vpp> Ay and/or 
Rp to obtain an optimum compromise. a= 


FET SOURCE-FOLLOWER CIRCUITS 


Too little knowledge of biasing methods for FET amplifiers 
sometimes keeps engineers from making maximum use of 
FETs in circuit designs. The common-drain amplifier, or 
source follower, is a particularly valuable configuration; its 
high input impedance and low output impedance make it 
very useful for impedance transformations between FETs 
and bipolar transistors. 


’ +Vpp +Vpp 

Rg Rs Rg Rs 
= — = ~Vss = 
a b 
*VDD 
O) 
O 
O 
Rg Rs 
Ry 
f g 


Rg 


By considering 10 circuits, which represent virutally every 
source-follower configuration, the designer can obtain con- 
sistent circuit performance despite wide device variations. 


There are two basic connections for source followers: with 
and without gate feedback. Each connection comes in 
several variations (Figure 10). Circuits 10(a) through 10(e) 
have no gate feedback; their input impedances, therefore, are 
equal to Rg. Circuits 10(f) through 10(k) employ feedback 
to their gates to increase the input impedance above Rg. 


Before getting into the details of bias-circuit design, note 
several general observations that can be made about the 
circuits of Figure 10: 


@ Circuits a, d and f can accept only positive and small 
negative signals, because these circuits have their 
source resistors connected to ground. The other cir- 
cuits can handle large positive and negative signals 
limited only by the available supply voltages and 
device breakdown voltage. 


@ Circuits c, d, e, h, j, and k employ current sources to 
improve drain-current (Ip) stability and increase gain. 


@ Circuits d, e and k employ FETs as current sources. 
In circuit d, Q> must have a lower cut-off voltage, 
Voes(oft), and a lower zero gate-voltage drain current, 
Ings; than Q). 

® Circuits e, g, h and k employ a source resistor, Rg, 
which may be selected to set the quiescent output 
voltage equal to zero. 


® Circuits e and k use matched FETs. Rg is selected to 
set Ip near the specified low-drift operating current. 
The input-output offset is zero. 


*VpD 


+Vpp +*Vpp 
Q4 


Rg 


Q2 


Figure 10. Virtually every practical source-follower configuration is represented in this collection of ten circuits. The configurations in the 
top row do not employ gate feedback; the corresponding ones in the bottom row do. 
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Biasing Without Feedback is Simple 


The no-feedback circuits of Figure 10 (circuits 10(a) through 
10(e) use simple biasing techniques (see the earlier article). 
Circuit 10(a) is a self-bias configuration; the voltage drop 
across Rg biases the gate (which draws essentially zero cur- 
rent) through resistor Rg. Since no gate-to-source voltage, 
Vas, can be developed when Ip = 0, the self-bias load line 
passes through the origin (Figure 11). For the 2N4339 FET, 
whose limiting transfer characteristics are used throughout 
this article, the quiescent drain current is seen to lie between 
about 0.25 and 0.55 mA when a 1K {2 source resistor is 
used. The quiescent output voltage lies between +0.25 and 
+0.55 V. | | 


(yu) Oy 


-1.6 ~1.2 -0.8 -0.4 0 
Vas (VOLTS) 


Figure 11. Self biasing (Figure 10a) uses the voltage dropped across 
the source resistor, Rg to bias the gate. The load line passes through 
the origin and has a slope of —1/Rs. 


Circuit 10(b) is another example of source-resistor biasing 
with a -Vgg supply added. The advantage over circuit 10(a) 
is that the signal voltage can swing negative to approxi- 
mately —-Vgg. Two bias lines are shown in Figure 12, one for 
Vgg = -15 V and the other Vgg = -1.6 V. For the first case, 
the quiescent output voltage lies between +0.18 and +0.74 V. 
For the second, it lies between +0.3 and +0.82 V. 


-1.6 -1.2 -0.8 -0.4 ) +0.4 40.8 +12 41.6 
Vgg (VOLTS) 


Figure 12.. Adding a Vss supply to the self-bias circuit (Figure 10b) 
allows it to handle large negative signals. The load line’s intercept 
with the Vgs-axis is at VGs = -Vss. Bias lines are shown for 
Vsg = -15 V and Vgs = -1.6 V. 


The bias load line for circuit 10(c) is just a horizontal line 
(Ip = constant). The quiescent output voltage is between 
+0.15 and 0.7 V for Ip = 0.3 mA. 


Circuit 10(d) is similar to 10(c) except that the Vgg = 0 out- 
put characteristic of FET Q. is used as a current source. As | 
seen in Figure 13, Q5 does not supply constant current when 
its Vpg gets very small. This technique should therefore be 
used only to bias FETs whose Ves(oft) is significantly high- 
er than the equivalent VGg(ogpy of the current-source 
FET diode. 


Vps=15V 
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Figure 13. FET Q9 doesn’t behave like an ideal current source when 
its Vps gets very small (Figure 10d). Therefore, Q1 should have a 
significantly larger VGs(off) than Q2 does. 

A pair of matched FETs is‘used in the circuit of Figure 10(e), 
one as a source follower and the other as a current source. 
The operating drain current (Ip) is set by Rgp, as indicated 
by the load line of Figure 14. The drain current may be any- 
where from 0.20 to 0.42 mA, as shown by the limiting 
transfer characteristic intercepts; however, Vgg; = Vgs2 


because the FETs are matched. 
; 1.5 


0.8 
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Figure 14. This load line is set by Rgg and Q9 which acts as a cur- 
rent source (Figure 10e). If its components are properly matched, 
the circuit will have zero or near-zero offset. 

Since Ip; = Ip and Vgs; = Vgs2, choosing Rgj = Rgo 
will ensure that the voltage from point A to B equals the 
voltage point from point C to D (Figure 10(e) ). This source 
follower, therefore, exhibits zero or near-zero offset. If the 
FETs are temperature-matched at the operating Ip, the 
source follower will exhibit zero or near-zero tempera- 
ture drift. 


Biasing With Feedback Increases Zin 


Each of the feedback-type source followers (Figure 10(f) 
through 10{k) ) is biased by a method similar to that used 
with the nonfeedback circuit above it. However, in each 
case, Rg is returned to a point in the source circuit that 
provides almost unity feedback to the lower end of Rg. If 
Rg is chosen so that Rg is returned to zero dc volts (except 
in circuit 10(f), then the input/output offset is zero. Ry is 
usually much larger than Rg. 


Siliconix 


Circuit 10(f) is useful principally for ac-coupled circuits. Rg 
is usually much less than Ry to provide near-unity feedback. 
The bias load line is set by Rg (Figure 15). The output load 
line, however is determined by the sum of Rg + Ry. The 
feedback voltage Vag, measured at the junction of Rg and 
Rj, is determined by the intercept of the Rg + Ry load line 
with the Vcgsg axis. The quiescent output voltage is 


Veg — YGs- 


-1.6 43 -0.8 -0.4 0 +0.4 +0.8 +1.2 +1.6 
Vgs (VOLTS) 


Figure 15. The bias load line is set by Rg but the output load line is 
determined by Rs + R1 when gate feedback is employed (Figure 
10f). The feedback Vs, is determined by the intercept of the 
Rs + Rq load line and the Vcg axis. 


In the circuit of Figure 10(g), Rg can be trimmed to provide 
zero offset. As the curves show (Figure 16), Rg will be 
between 670 ohms and 2.5K 2. Rg is much less than R}. 
The source load line intercepts the Vgg axis at Vgg = 
-VGG =-15V. 


(wu) dy 


Rg + Ry = 50K 


Vgg = -15V 


-1.6 4:2 -0.8 -0.4 0 +0.4 +0.8 +1.2 +1.6 
Vgs (VOLTS) 


Figure 16. Rs can be trimmed to provide zero offset at some point 
between 670 ohms and 2.5K {2 (Figure 10g). The source load line 
intercepts the VGs axis at Vss = VGgG = —15 V. Note that this load 
line is not perfectly flat. It has a slope of —1/50K, because the cur- 
rent source is not perfect; it has a finite impedance. 


Circuit 10(h) is almost the same as 10(g); the difference is 
that resistor R, is replaced by a current source. Since an ideal 
current source has infinite impedance, the bias curve of 


circuit 1(h) differs from that of Figure 10(g) (Figure 16) in 
that the load line is perfectly flat. In Figure 16 the load line 
is almost, but not quite, flat; it has a slope of -1/50k. 


Circuit 10(j) is similar to 10(h) except that the output is 
taken from the top of Rg to reduce the output impedance. 
Rg must be trimmed if the circuit is to work at all properly. 


In Figure 17, the constant-current load line represents a 
0.3-mA current source, and the effect of a 1K Q source 
resistor is shown. The offset voltage is seen to lie between 
0.2 and 0.75 V. The intercept of the Rg load line and the 
Vag axis sets the voltage at the junction of Rg and the cur- 
rent source (Vp). For Rg = 1K Q, Vpp will be between 
~0.1 V and +0.45 V. Since Vep appears at the gate, it must 
be zero if the dc input impedance of the circuit is to 
be preserved. 


(wu) Oy 


0.4 Ig =0.3mA 


-1.6 -1.2 -0.8 -0.4 0 +0.4 +0.8 +1.2 +1.6 
Ves (VOLTS) 


Figure 17. If Rg is not trimmed so that the load line passes through 
the origin, a voltage will appear at the gate causing a reduction in dc 
input impedance. The incremental input impedance will not 
be affected. 


This can be done by trimming Rg, as shown dashed in Fig- 
ure 17. The biasing then becomes the same as for cir- 
cuit 10(h). 


Biasing for circuit 10(k) is identical to that for circuit 10(e) 
(Figure 14) except that feedback is added to raise the input 
impedance.a™ | 


REFERENCES 


(1) Sherwin, J.S.,‘““How, Why and Where to Use FETs,” 
Electronic Design, May 17, 1966, p. 94. 

(2) Sherwin, J.S., “Knowing the Cause Helps to Cure 
Distortion in FET Amplifiers,” Electronics, Dec. 
12, 1966, pp. 99-105. 


Siliconix 5-65 


C-OLVL 


Amplifier Charts 


APPLICATIONS | 
a: { 


Amplifier Charts Siliconix 


For convenience this chart offers the designer circuit values for a variety of commonly used J-FET amplifiers. 
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Glossary of Terms and Abbreviations 


. Upper case letters indicate DC voltages and currents. 


2. Lower case letters indicate AC voltages and currents. 


Siliconix 


3. Subscripts can refer to the terminals used in the measurements, i.e., VG = Gate Voltage; or simply help define the sym- 


bol, i.e., tf = Fall Time, tr = Rise Time. 


4. Triple subscripts are used for terminal references only. The first subscript is the object terminal. The second subscript is 
the common terminal. The third gives the condition of the remaining terminal(s). S = Short, 0 = open and X = neither 
open nor short (refer to the test conditions). Example: BVGss = Breakdown Voltage from gate to source with the drain 


shorted to the source. 


bfg = Common-Gate Forward Susceptance 
bg, = Common-Source Forward Susceptance 
bigs = Common-Gate Input Susceptance 

Diss = Common-Source Input Susceptance 
bogs = Common-Gate Output Susceptance 
Doss = Common-Source Output Susceptance 
big = Common-Gate Reverse Susceptance 
bes = Common-Source Reverse Susceptance 
BVpnGo = Drain-Gate Breakdown Voltage 
BVpss = Drain-Source Breakdown Voltage 
BVspx = Drain-Source Breakdown Voltage 
BVGiSS = Gate 1 to Source Breakdown Voltage 
BVG2ss = Gate 2 to Source Breakdown Voltage 
BVGss = Gate-Source Breakdown Voltage 
BVsps = Source-Drain Breakdown Voltage 
BVsGo = Source-Gate Breakdown Voltage 

Cdb = Drain-Body Capacitance 

Cdgo = Drain-Gate Capacitance 

Cgb = Gate-Body Capacitance 

Cog = Gate-Drain Capacitance 

Cgs = Gate- Source Capacitance 

Ciss = Common-Source Input Capacitance 
Coss = Common-Source Output Capacitance 
Crss = Common-Source Reverse Transfer Capaci- 


tance 


Csb 


Sfs 


Sfso 


Ofs1/9fs2 


Sig 
Gis 
Sog 


Sos 


Joss 


Sos1-9os2 


Gpg 
Gps 
ID(off) 
ID(on) 


IDGO 
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= Source-Body Capacitance 
= Source-Drain Capacitance 
= Source-Gate Capacitance 
= Drain 


= Equivalent Short Circuit Input Noise Volt- 
age 


= Figure of Merit 
= Gate 
= Common-Gate Forward Transconductance 


= Common-Source Forward Transconduc- 
tance 


= Common-Source Forward Transconduc- 
tance @ VG6s =0 


= Common-Source Forward Transconduc- 
tance Ratio 


= Common-Gate Input Conductance 

= Common-Source Input Conductance 
=Common-Gate Output Conductance 
= Common-Source Output Conductance 


= Common Source Output Conductance @ 
Ves =O 


= Differential Output Conductance 
= Common-Gate Power Gain 

= Common-Source Power Gain 

= Drain Cutoff Current 

= Drain ON Current 


= Drain-Gate Leakage 
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Glossary of Terms and Abbreviations (Conta) 


Ipss = Saturation Drain Current 


Ipss1/lpss2 = Saturation Drain Current Ratio 


i = Forward Current 

lg = Gate Operating Current 

1G1G2 = Gate to Gate Leakage Current 

lle1-lGa2l = Differential Gate Operating Currents 

IGBS = Gate to Body Leakage Current 

IG(f) = Gate Forward Current 

IGss = Gate Reverse Current 

lo1ss = Gate 1 to Source Leakage Current 

IG2ss = Gate 2 to Source Leakage Current 

IG1SSR = Gate 1 to Source Reverse Leakage Current 

IG2SSR = Gate 2 to Source Reverse Leakage Current 

in = Equivalent Open-Circuit Noise Current 

Ip = Pinch-Off Current 

NF = Noise Figure 

Pp = Continuous Power Dissipation 

Pov = Peak Operating Voltage 

rds(on) = Drain-Source ON Resistance 

'DS(on) = Static Drain-Source ON Resistance 

Re (Y fg) = Common-Gate Forward Transconductance 

Re (Ys) = Common-Source Forward Transconduc- 
tance 

Re (Yig) = Common-Gate Input Conductance ~ 

Re (Yj5) = Common-Gate Output Conductance 

Re (Ygs) = Common-Source Output Conductance 

Re (Y rg) = Common-Gate Reverse Transconductance 

Re (Y¢s5) = Common-Source Reverse Transconduc- 
tance 

ets = Common-Source Input Resistance 

S = Source 

td = Delay Time 

td (off) = Turn-Off Delay Time 


td(on) = Turn-On Delay Time 
tr = Fall Time 

Tj = Junction Temperature 
toff = Turn-Off Time 

ton = Turn-On Time 

T| = Lead Temperature 

tr = Rise Time 

T stg = Storage Temperature 
VB = Body Voltage 

VBB = Body Supply Voltage 
Vo = Drain Voltage 

VDD = Drain Supply Voltage 
VpbS(on) = Drain-Source ON Voltage 
VG = Gate Voltage 

VGG = Gate Supply Voltage 
VGSs = Sitesi Voltage 


I\VGs1-VGs2! = Differential Gate-Source Voltage 


AVGS = Differential Gate-Source Voltage 

A|Vgs1-Vgs2! . 

—_———_——— = Differential Gate-Source Voltage Change 
AT with Temperature 

VGS(f) = Gate-Source Forward Voltage 

VGS(th) = Gate Threshold Voltage 

VGS(off) = Gate Source Cutoff Voltage 

VG1S(off) = Gate 1 to Source Cutoff Voltage 

V G2s(off) = Gate 2 to Source Cutoff Voltage 

Vs = Source Voltage 

Vss = Source Supply Voltage 

Zd = Dynamic Impedance 

Zk = Knee AC Impedance 

Oy = Current Temperature Coefficient 

Oj_A = Junction to Ambient Thermal Resistance 

Ae = Junction to Case Thermal Resistance 
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Introduction 


Siliconix is committed to your future system designs. As a multinational semiconductor manufac- 


turer, we offer some of the industry’s broadest product lines. No one gives you more analog 
switch ICs and power FETs to choose from. Our multiple technologies include DMOS, VMOS, 


CMOS, PMOS, PMOS/bipolar and bipolar. And we are constantly advancing semi-custom state-of- 


the-art technology. 


MOSPOWER FETs 


MOSPOWER identifies the “up front” technology that places Siliconix among the leaders in 
power device development for the 1980’s, and. has helped make Siliconix the Discovery Company. 


MOSPOWER is a generic name coined by Siliconix to identify not only Siliconix’s expanding fam- 
ily of medium and high power MOSFETs, but a// power MOSFETs. The name also covers the many 
technologies used in the manufacture of these power MOSFETs which have been identified by 
various trade names. Vertical DMOS (double-diffused MOS); metal-gate V-groove MOS for high-fre- 
quency; lateral DMOS technology for FET arrays — all are covered by this generic name: 
MOSPOWER. 


RF POWER FETs 


MOSPOWER shadow-mask vertical technology is used to manufacture the only true power MOS 
transistors. The technology enables their use as RF broadband amplifiers in the 2MHz to 200MHz 
region, providing output powers from 2 to 120 watts. Devices are available for 12.5V or 28V opera- 
tion and in a variety of; spackages to suit different needs. They offer the advantages of high stage 
gain, low baseband noise and immunity to burn-out due to mismatch. The latest addition is the 
35V single-side-band 2-30MHz series. 


Analog Swiich ICs 


Siliconix JFET, MOSFET and Integrated Circuit (IC) technologies have been utilized to produce an 
extensive family of Analog Switch ICs. They are used in many high-reliability military and aero- 
space applications such as Mercury, Gemini, Apollo and Skylab manned space programs. The 
family of analog switch ICs includes monolithic multi-channel switches with integral drivers. Also 
high performance JFET switches packaged with IC drivers offering very low ON-resistance, fast 
switching, excellent frequency response (DG180 series); low spike feed-through, low leakage and 
high OFF-isolation (DG281); low cost, single or dual supply operation (DG308, DG211); low con- 
sumption CMOS switches (DG300 series) and multiplexers with up to 16 channels (DG506A). The 
recent addition to the range of analog switch ICs is the Plus-40 enhanced DG5040 series with 
guaranteed safe operation up to 44V, and DG243CJ, the dual make-before-break equivalent of the 
DG5043CU. 


LSI/Linear Circuits 


Siliconix is an industry leader in telecommunications circuits, A/D conversion and micropower 
linears. The Company’s LSI or linear ICs are incorporated in products ranging from sophisticated 
instrumentation to consumer smoke detectors. Advanced processing capabilities used in the 
manufacture of such ICs range from high and low voltage CMOS to bipolar-PMOS. High reliability 
processing procedures combined with volume production capabilities complement state-of-the- 
art products. 


Siliconix 
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Introduction (Contd) 


Telecommunications 


Siliconix is a high-technology manufacturer of complex, highly specialized integrated circuits for 
the telecommunications industry. The current product lines use the CMOS process to satisfy the 
low power requirements of the telecom industry. Our Loop Disconnect Dialer Circuits offer sub- 
scribers push-button dialing Prnnedes even with exchange systems presently tied to the rotary 


dial pulse timing. 


High-Reliability Devices 


Siliconix’s capability in providing high-reliability devices to meet stringent military or aerospace 
applications is amply demonstrated by the Company’s qualifications as a supplier for important 
European projects that include Ariane, Concorde, European Airbus, the Alpha Jet and Tornado 
Aircraft, also Apollo, Viking and Voyager space projects. 


Siliconix has a number of standard Hi-Rel screening options that can be applied to standard prod- 


ucts. These options include screening to BS9000 for analog switchessand CECC standards for 
FETs, also MIL-STD-750 for discrete FETs. In addition, Siliconix offers Certain JEDEC- -registered 
FETs with JAN, JANTX and JANTXV processing, as well as an increasing number of QPL-listed 
analog switches. Special additional inspections and controls can be met and Siliconix can supply 
SEM-qualified products to meet individual customer requirements. 
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MOSPOWER 
Prime Products Selector Guide 


Packages: 


A 
) 


BVpss TO-3 T0-220 


TO-237 
(Volts) 


TO-92 


VNTOO8A 
6A, 1.50, 650V 


VNTO08D 


600-650 6A, 1.50, 650V 


VNPOO6A 
20A, 0.30, 500V 


IRF450 
13A, 0.40, 500V 


IRF840 
8A, 0.850, 500V 


VN5001D/IRF830 
4.5A, 1.50, 500V 


IRF440 
8A, 0.850, 500V 


IRF820 


2.5A, 39, 500V 
450-500 
VNPOO2A* 


6.5A, 1.50, 500V 


VN5001A/IRF430 
4.5A, 1.50, SOOV 


IRF420 
2.5A, 30, SO0V 


VNMOOSA_ 
25A, 0.20, 400V 


IRF740 
10A, 0.552, 400V 


VN4000D/IRF730 
5.5A, 1.00, 400V 


IRF350 
15A, 0.30, 400V 


IRF340 IRF720 
350-400 10A, 0.550, 400V | 3A, 1,80, 400V 


VNMO001A* 
8A, 1.00, 400V 


VN4000A/IRF330 
5.5A, 1.0, 400V 


; _ 
1 
| 
1 
! 
\ 


Quad 
Side Braze 


Quad | 
Plastic 


| * 
nN 

fo] 
oO 

° 

P) 
> 
a 

| 2 
G) 
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Packages: 


= 


— BVpss 
(Volts) . 


Quad 
Side Braze 


TO-3 


- TO-237 TO-92 
VN2406B VN2406M VN2406L 
0.8A, 60, 240V 0.3A, 60, 240V 0.21A, 60, 240V 
VN2410M VN2410L » 
0.25A, 100, 240V | 0.16A, 100, 240V 


TO-220 


Plastic 


“ 


IRF640— 
18A, 0.180, 200V 


VNJOO4A 
45A, 0.060, 200V 


IRF250 : 
30A, 0.085, 200V 


IRF630 
9A, 0.40, 200V 


IRF240 
18A, 0.180, 200V 


IRF230 
9A, 0.420, 200V 


IRF620 
5A, 0.80, 200V 


VN2406D 
1.4A, 6 240V 


4120-240 


IRF220 
5A, 0.80, 200V 


VNEO03A IRF540 
60A, 0.035, 100V | 27A, 0.0850, 100V 


2 


IRFF130 
8A, 0.180, 100V 


me 


Ee 


N88AF - VQ1006P — VQ1006J 
1.5A, 40, 80V 0.40A, 4.59, 90V_ | 0.40A, 4.520, 90V 
IRF150 . | VN1000D/IRF530 | IRFF120 VNO808M VNO610L * VN80AF | | 
40A, 0.0559, 100V | 12A, 0.180, 100V | 6A, 0.30, 100V_ | 0.35A, 420, 80V 0.2A, 5, 60V 1.3A, 50, 80V 
IRF140 IRF520 VNE011B VNO606M VN2222L * VN66AF VQ1004P VQ1004J 
ee 27A, 0.0850, 100V} 8A, 0.309, 100V ‘| 4A, 0.50, 100V 0.4A, 30, 60V 0.15A, 7.50, 60V | 1.7A, 30, 60V | 0.46A, 3.50, 60V_ | 0.46A, 3.50, 6OV 
VN1000A/IRF130 | VN88AD | VN10KM VN67AF VQ1000P VQ1000J 
12A, 0.180, 100V | 1.7A, 40, 80V 0.3A, 52, 60V 1.6A, 3.59, 60V__ | :0.225A, 5.50, 60V | 0.225A, 5.59, 6OV 
IRF120 VNO600D 2N6661 VNIOLM * 
8A, 0.39, 100V 16A, 0.120, 60V | 0.9A, 429, 90V 0.3A, 52, 60V 
VNO600A VN66AD 2N6660 __ | VN2222LM 
16A, 0.120, 60V [ 1.9A, 30, 60V 1.1A, 30, 60V 0.25A, 7.5, 60V 
VNO400A VNO400D 2N6659 VNO300M VN46AF VQ1001P VQ1001J 
16A 0.120, 40V | 16A, 0.129, 40V. | 1.4A,, 180, 35V—-|.0.7A, 120, 30V 1.6A, 30, 40V 0.85A, 1.00, 30V_ | 0.85A, 1.00, 30V 
2N6656 VNO300D VN40AF 
2A, 1.80, 35V 2.5A, 1.50, 30V 1.3A, 50, 40V 
ae VQ3001P VQ3001J 
Specialty Products + 30V, 30 Total | + 30V, 30 Total 
(N- and P-Channel 
Quad Arrays) VQ7254P VQ7254J 
+ 20V, 30 Total + 20V, 30 Total 


* Zener Protected Gate 


7 s |s 
~MOSPOWER Selector Guide _ sitconix | © 
_ ~ 
N-Channel MOSPOWER vu 
Breakdown ID Power Part O 
Device Voltage (Orins} Continuous | Dissipation ania = 
(Volts) (Watts) umber ~ 
650 1.5 6.0 125 VNTOO8A a 
650 2.0 5.0 125 VNTOO9A 
600 1.5 6.0 _ 125 VNSOO8A w 
600 2.0 5.0 125 VNSOO9A O 
500 0.3 20.0 250 VNPOO6A @ 
500 0.4 13.0 150 IRF450 A 
500 0.5 12.0 150 IRF452 = 
500 0.85 8.0 125 IRF440 ie] 
500 1.10 7.0 125 IRF440 m } 
600 1.5 6.5 175 VNPOO2A* Q 
500 1.5 4.5 100 VN5001A 
500 1.5 4.5 75 IRF430 ¢ 
500 2.0 4.0 100 VN5002A me 
500 2.0 4.0 75 IRF432 o.. 
500 3.0 2.5 40 IRF420 @ 
500 4.0 2.0 40 IRF422 
450 0.3 20.0 250 VNNOO6A | 
450 0.4 13.0 150 IRF451 | 
450 0.5 12.0 150 IRF453 | 
450 0.85 8.0 125 IRF441 | 
450 1.10 7.0 125 IRF443 : 
450 1.5 6.5 175 VNNOO2A * 
450 1.5 4.5 100 VN4501A 
450 1.5 4.5 75 IRF431 
450 2.0 4.0 100 VN4502A 
450 2.0 4.0 75 IRF433 
450 3.0 2.5 40 IRF421 
é 450 4.0 2.0 40 IRF423 
400 0.2 25.0 250 VNMOO5A 
S 400 0.3 15.0 150 IRF350 
400 0.4 13.0 150 IRF352 
ee 400 0.55 10.0 125 [RF340 
400 0.80 * 8.0 125 IRF342 
400 1.0 8.0 175 VNMO01A* 
400 1.0 6.0 125 VN4000A 
400 1.0 5.5 75 IRF330 
400 1.5 5.0 125 VN4001A 
400 1.5 4.5 75 IRF332 
400 1.8 3.0 40 IRF320 
400 2.5 2.5 40 IRF322 
350 0.2 25.0 250 VNLOO5SA 
350 0.3 15.0 150 IRF351 
350 0.4 13.0 150 IRF353 
350 0.55 10.0 125 IRF341 
350 0.80 8.0 125 IRF343 
350 1.0 8.0 175 VNLOO1A * 
350 1.0 6.0 125 VN3500A 
350 1.0 5.5 75 IRF331 
350 1.5 5.0 125 VN3501A 
350 1.5 4.5 75 IRF333 | 
350 1.8 3.0 40 [RF321 
350 2.5 2.5 40 [RF323 7 | 
200 0.06 45.0 250 VNJOO4A : 
200 0.085 30.0 150 IRF250 | 
200 0.12 25.0 150 IRF252 : 
200 0.18 18.0 125 IRF240 


* 200°C Rating 
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MOSPOWER Selector Guide (Contd) 
N-Channel MOSPOWER (Cont'd) | 


Device 


Breakdown 
Voltage 
(Volts) 


200 
200 
200 
200 
200 


150 
150 
150 
150 
150 
150 
150 
150 
150 


120 
120 


100 
100 
100 
100 
100 
100 
100 
100 
100 
100 
100 


90 
90 
90 
80 
80 


60 
60 
60 
60 


0.22 


Siliconix 


Ip 
rDS(on Continuous 
nics} (Amps) | 


16.0 


18.0 


-_ ert er er AVP AQ OC) BPO — —- 


amok 
NN OO NNNOBNADODRNGSS NVA === NONN 


—__ amd 
DO C00 CODDDODOOOOOOO0OO OO NMO OOOOOK 


Power 
Dissipation 
(Watts) 


125 
75 
75 
40 
40 


Part 
Number 


IRF242 
IRF230 
IRF232 
IRF220 
IRF222 


VNGO04A 
IRF251 
IRF253 
IRF241 
IRF243 
IRF231 
IRF233 
IRF221 
IRF223 


VN1200A 
VN1201A 


VNEO03A 
IRF150 
IRF152 
IRF 140 
IRF 142 
VN1000A 
IRF130 
VN1001A 
IRF132 
IRF120 
IRF122 


2N6658 
VN9OSAA 
VN90DAA 


VNO800A 
VNO801A 


VNCOO3A 
IRF151 
IRF153 
IRF141 
IRF143 
VNO600A 
VNO601A 
IRF131 
IRF 133 
IRF121 
VN64GA 
IRF123 
2N6657 
VN67AA 


VNO400A 
VNO401A 


2N6656 
VN35AA 


MOSPOWER Selector Guide (Cont'd) 


Device 


TO-220AB 


Voltage 


(Volts) 


650 
650 


600 
600 


500 
500 
500 
500 | 
500 
500 
500 
500 


450 
450 
450 
450 
450 
450 
450 
450 


400 
400 
400 
400 
400 
400 
400 
400 


350 
350 
350 
350 
350 
350 
350 
350 


240 


200 
200 
200 
200 
200 
200 


170 


150 
150 
150 
150 
150 
150 


120 
120 
120 


N-Channel MOSPOWER (Cont'd) 


Breakdown 


r Orion) 


(Ohms 


NN eee oe ee 
CoOOUmMm=% OM OM 
oa 


OD MOR aS Sa em OO Aa HS wo 


Ip 


Continuous 


(Amps) 
6.0 


od 


2 


—_—+ ad 
AMDODO = NWATIMAOS VWATIAHNSO NNAAARAND NNARRAND ID 


COCOCDOO BR DTOMOMCOCO TAOMOMNO0OO OMNTOMNM0O OMOOMMOO OO Oo 


—, 
on 
oO f 


16.0 


> 01 0 £0 
2000 


14.0 


_ 
— NO 
OO 


Siliconix 


Power 


Dissipation 


(Watts) 


Part 
Number 


VNTOO8D 
VNTOO9D 


VNSO008D 
VNS009D 


IRF840 
IRF842 
VN5001D 
IRF830 
VN5002D 
IRF832 
IRF820 
IRF822 


IRF841 
IRF843 
VN4501D 
IRF831 
VN4502D 
IRF833 
IRF821 
IRF823 


IRF740 
IRF742 
VN4000D 
IRF730 
VN4001D 
IRF732 
IRF720 
IRF722 


IRF741 
IRF743 
VN3500D 
IRF731 
VN3501D 
IRF733 
IRF721 
IRF723 


VN2406D 


IRF640 
IRF642 
IRF630 
IRF632 
IRF620 
IRF622 


VN1706D 


IRF641 
IRF643 
IRF631 
IRF633 
IRF621 
IRF623 


VN1200D 
VN1201D 
VN1206D 


(-7 


> 
O 
"2 
T 
© 
= 
rm 
a 
wy 
© 

g 
o 
= 

@ 
= 

o. 
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-MOSPOWER Selector Guide (Conta) 
| N-Channel MOSPOWER (Cont'd) 


Device 


TO-220AB 


TO-202AA 


_ TO-39 


Breakdown 


_ Voltage 


(Volts) 


ID 
Continuous 


r 
(Ones 


Siliconix 


Power 
Dissipation 
(Watts) 


Part 
Number 


IRF540 
IRF542 
VN1000D 
IRF530 
VN1001D 
IRF532 
IRF520 
IRF522 


VNO800D 
VN0O801D 
VN88AD 
VN89AD 


IRF541 
IRF543 
VNO600D 
VNO601D 
IRF531 
IRF533 
IRF521 
IRF523 
VN66AD 
VN67AD 


VN0O400D 
VN0401D 
VN46AD 


VN40AD 


VNO300D 
VN88AF 


VN89AF 
VN80AF 


VN66AF 
VN67AF 


VN46AF 
VN40AF 


VN2406B 
VN1706B 
VN1206B 


IRFF130 
IRFF132 
IRFF120 
IRFF122 
VNEO10B * 
VNEO11B 


2N6661 
VN99AB 
VN90AB 


VNDO10B* 
VNDO11B 


MOSPOWER Selector Guide (Continued) 
_N-Channel MOSPOWER (continue) 


Breakdown Power 
Device Voltage (Ones) Sonieuons Dissipation Part 
(Volts) ( ms) (Amps) (Watts) Number 


IRF 131 
IRF133 
IRFF121 
IRFF123 
VNCO10B * 
VNCO11B 
2N6660 
VN67AB 
2N6660 
VN35AB 


N00 
oOo 


=—3 3 =o A ROO 
MOBRO=OO0O0 


TO-39 


VN10KE 
VN10LE 


SPIND 10199/9S YWAMOdSOW 


VN2406M 
VN2410M 


VN1706M 
VN1710M 
VN1206M 
VN1210M 


VNO0808M 


VNO606M 
VN10KM ** 
VN10LM 
VN2222KM ** 
VN2222LM 


VNO0300M 


VN2406L 
VN2410L 
-VN1706L 
VN1710L 


VN1206L ** 
VN1210L ** 


VNO610L 
VN2222L 
VNOSOOL 


or 


oi 


oi 


1 
1 
1 
| 
| 
\ 
i 
| 
A 
\ 
! 


TO-237 


J 
|@ 


14-Pin Dual-in-Line 
(Side Braze) 


| @ 


14- Pp ete st Line 
Plastic) 


©S 99999 9 S999 9O 
Orn 


N NONOOS 4 NOGP® MOG 


OOO OO] ] awAwmtmoeted oc ec ei i -1 -1 
ABR AA BRBRLO COOOO CO COO00 OO 


-VQ1006P 
VQ1004P 
VQ1000P 
~-VQ1001P 


VQ1006J 


VQ1004J 
VQ1000J 


VQ1001J 


* Low VGS(TH) ** Zener Protected Gate 
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P-Channel MOSPOWER 


14-Pin Dual-in-Line 


14-Pin Dual-In-Line 


** Available 4th Qtr. 1983 


MOSPOWER Selector Guide (Continued) 


rDS(on 
(Oho) 


Device 


TO-220AB 


(Side Braze) 


(Plastic) 


Breakdown 
Voltage 
(Volts) 


5.0 
5.0 
2.5 


Siliconix 


er eee 
(Amps) 


—> at 


TRON TRON 


a> om 
ODO000 CO0°O 


0.37 
0.37 
0.48 


0.600 
0.600 
0.600 


0.600 
0.600 
0.600 


Power 
Dissipation 


(Watts) 


75 
75 


75 
75 


0.4 
0.4 
1.0 


1.3 
1.3 
1.3 


Part 
Number 


1RF9130** 
IRF9132** 


IRF9131** 
IRF9133** 


IRF9530** 
IRF9532** 
IRF9520** 
IRF9522** 


IRF9531** 
IRF9533** 
IRF9521** 
IRF9523** 


VP1008B 
VP0808B 
VP0300B 


VP1008M 
VP0808M 
VP0300M 


VP1008L 
VPO808L 
VPOSOOL 


VQ2006P 
VQ2004P 
VQ2001P 


-VQ2006J — 


VQ2004J 
VQ2001J 


. > 

MOSPOWER Selector Guide (Coni'd) Oo 

N- and P-Channel Quad MOSPOWER 6 

| . meadows | rDSion ‘ ID . shah Part s 
Device he iege (Ones) ee ile ese < 
| a 
| 30 1.3 VQ3001P 4 
| 20 1.3 VQ7254P D 
14-Pin Dual-in-Line A 

(Side Braze) maka 

‘°] 

= 

30 1.3 VQ3001J @) 

20 1.3 VQ7254J Cc. 

14-Pin Dual In-Line a 


**Total (N + P) 
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MOSPOWER 


Commercial/Industrial Process Flow”) 


(1) 
(2) 
(3) 
(4) 


Level - 4 
(Burn In) 


_ Preseal Inspection 
Siliconix Standard 
MOSPOWER Visual 
Criteria 


Stabilization Bake 
Method 1032 

24 Hr. @ Maximum Rated 
Storage Temperature 


Fine Leak 


AQL 1% 


Method 1071 
Condition GorH = (5) 


Gross Leak AQL 1% 
Method 1071 
Condition Cy 


(5) 


Electrical Test 
100% to 
25% Static Parameters 


HTRB Burn-in 
Method 1039, Condition B 
96 Hr. @ 150°C 


Electrical Test 
100% to 
25°C Static Parameters 


Quality Conformance 
25° C Static 0.65% AQL 
External Visual AQL 1.5% 


Level — 1: U.S. Build, U.S. Test. 


Level — 2: Overseas Build, U.S. Test (Screening & QCl). (6) 


No Read & Record, No Deltas. 
Group B and C testing is additional. 


(5) Hermetic Only. 


Level - 6 
(Standard Product Flow) 


Preseal Inspection 
Siliconix Standard 

MOSPOWER Visual 
Criteria 


Stabilization Bake 
Method 1032 
24 Hr. @ Maximum Rated 


Storage Temperature 


Fine Leak 
Method 1071 
Condition G or H (5) 


AQL 1% 


Gross Leak AQL 1% 
Method 1071 
Condition Cy (5) 


Electrical Test 
100% to 


25% Static Parameters 


Quality Conformance 
25° C Static 0.65% AQL 
External Visual AQL 1.5% 


Physical Dimensions Excluded. The latest revision of MIL-STD -883 is applicable. 
(7) Levels 1 thru 6: Latest revision of MIL-STD-750 is applicable. 


(8) Level 7: Latest revision of MIL-STD-883 is applicable. 


Siliconix 


Level - he (2) 
Level - 2 


Preseal Inspection 


Method 2072 


Stabilization Bake 
Method 1032 

24 Hr. @ Maximum Rated 
Storage Temperature 


Temperature Cycle 
Method 1051 
Condition C or F 


Constant Acceleration 
Method 2006 (5) 


Fine Leak 
Method 1071 (5) 


Gross Leak 
Method 1071 
Condition C 


Electrical Test 
100% to 
25 C Static Parameters 


HTGB Burn-in 
Method 1039, Condition A 
48 Hr. @ 150 C 


Etectrical Test 

100% to 

25 C Static Parameters 
Read & Record 


HTRB Burn-in 
Method 1039, Condition B 
168 Hr. @ 150 C 


Electrical Test 
100% to 
25 C Static Parameters 
Read, Record & Deitas 


Quality Conformance 
25 C Static LTPD =5 
-55°C Static LTPD = 5 
150°C Static LTPD =5 
25°C Dynamic LTPD = 5 
External Visual LTPD = 5 


MOSPOWER 
Military/Hi-Rel Process Flow!) (7) (8) 


Level - 3 


Preseal Inspection 
Method 2072 


Stabilization Bake 
Method 1032 

24 Hr. @ Maximum Rated 
Storage Temperature 


Fine Leak 
Method 1071 


AQL 1% 


Condition G or H (5) 


AQL 1% 


Gross Leak 


Method 1071, 


Condition C (5) 


Electrical Test 
100% to 
25°C Static Parameters 


Quality Conformance 
25°C Static LTPD =5 
-55°C Static LTPD =5 
150°C Static LTPD = 5 
25°C Dynamic LTPD = 5 
External Visual LTPD = 5 


Notes: (1) Level! —1: U.S. Build, U.S. Test. 


(2) Level — 2: Overseas Build, U.S. Test (Screening & QC!). 


(3) No Read & Record, No Deltas. 
(4) Group B and C testing is additional. 


(5) 
(6) 
(7) 
(8) 


Level - 5 


Preseal Inspection 
Method 2072 


Stabilization Bake 
Method 1032 

24 Hr. @ Maximum Rated 
Storage Temperature 


Temperature Cycle 
Method 1051 
Condition C or F 


Multi Chip Side Braze 
Level-7 


Preseal inspection 
Method 2017 
‘Condition B 


Stabilization Bake 
Method 1008, Condition C 
150 C, 24 Hr. 


Temperature Cycle 
Method 1010, 
Condition C 


Constant Acceleration 
Method 2006 (5) 


| Fine Leak 
Method 1071 
Condition G or H 


Gross Leak 
Method 1071 
Condition C 


Electrical Test 
100% to 
25°C Static Parameters 


HTGB Burn-in 
Method 1039, Condition A 
48 Hr. @ 150°C 


Electrical Test 
100% to 
25 C Static Parameters (3) 


HTRB Burn-in 
Method 1039, Condition B 
168 Hr. @ 150°C 


Electrical Test 
100% to 
25 C Static Parameters (3) 


Quality Conformance 
25 C Static 0.65% AQL 
External Visual AQL 1.5% 


Hermetic Only. 


Centrifuge 
Method 2001, Condition E 


Fine Leak 
Method 1014 
Condition A or B 


Gross Leak 
Method 1014 


| Condition C 


Electrical Test 
100% to 
25 C Static Parameters 


Burn-in 
Method 1015 
125 C,160 Hr. 


Electrical Test 
100% to 
25° C Static Parameters 


Quality Conformance 
Group A 
Method 5005 


External Visual 


Method 2009 
100% 


Physical Dimensions Excluded. The latest revision of MIL-STD -883 is applicable. 
Levels 1 thru 6: Latest revision of MIL-STD-750 is applicable. 
Level 7: Latest revision of MIL-STD-883 is applicable. 
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RF Power FETs Selector Guide 


n-channel enhancement- 
mode RF Power FETs 
designed for... 


HF/VHF/UHF Amplifiers Class A, B, 
C, Dor E. High Dynamic Range Amp 


BENEFITS 


Infinite VSWR 

No Thermal Runaway 
Broadband Capability 

Class A, B C, D, or E Operation 
Low Noise Figure 

High Dynamic Range 

Simple Bias Circuitry 
S-Parameter Design 


ORDERING INFORMATION 
DX XX XXX X 


| ii Package Code 
Power Output (Watts) 
Suggested Operating 


Voltage 
Product Code 


PACKAGE CODES 


380SOEF 
5OOJOF 
5OOSOEF 
Push-Pull 
C-220 Standard 
280SOE 


NS<cHa® 


12.5 Volt DC — 300 MHz Series 


| Rated Power Out Min. Gain 
Test Frequency* (Watts) (dB) OJc 
Part Number (MHz) @ 12.5Vpc 12.5V, 175 MHz Min. BVpss (°C/W) 

DV1202S 175 2.0 10.0 45 17.6 
DV1202W 175 2.0 10.0 45 14.1 
DV1202Z 175 2.0 10.0 45 17.6 
DV1205S 175 10.0 45 8.8 
DV1205W | 175 10.0 45 7.0 
DV1205Z 175 10.0 45 8.8 
DV1210S 175 10.0 10.0 45 4.4 
DV1210W 175 10.0 10.0 30 


DV1210Z 175 10.0 


45 
DV1220S 175 | 90.0 10.0 45 2.2 
DV1220W 175 20.0 10.0 45 1.8 


DV1230T 175 30.0 9.5 45 
DV1230W 175 30.0 9.3 45 


DV1240T 175 40.0 
DV1240U 175 40.0 
DV1240W 175 40.0 


DV1260T 


*All parts tested at 20:1 VSWR. 
Note: See application notes AN80-4, AN80-6. 


1.5 

1.2 

9.0 45 1.1 
8.6 45 1.1 
9.0 45 0.9 
45 0.7% 
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RF Power FETs Selector Guide (Conta) 
28 Volt DC — 300 MHz Series 


Rated Power Out Min. Gain 
Test Frequency* (Watts) (dB) OJc 
Part Number (MHz) @ 28Vpc 28V, 175 MHz Min. BVpss (°C/W) 

DV2805S 17.6 
DV2805W 14.1 
DV2805Z 17.6 
DV2810S 8.8 
DV2810W 7.0 
DV2810Z 80 8.8 
DV2820S 80 4.4 
DV2820W 80 3.5 
DV2820Z 80 4.4 i: 
DV2840S 175 40 10 80 2.2 
DV2840W 175 40 10 80 1.8 
DV2880T 80 1.1 
DV2880U 80 1.1 
DV2880W 80 0.9 
DV28120T 80 0.73 
DV28120U 80 0.73 
VMP4 4.4 


*All parts tested at 20:1 VSWR. 


28 Volt Push-Pull — DC-300 MHz Series 


6Jc 


Test Gps (Min.) Thermal 
Frequency Pin (Max.) Pout @ 28V Power Gain impedance 
Part Number (MHz) (Watts) (Watts) (dB) (°C/W) 


DV2880V 
DV28120V 


175 28 8 80 10 
175 28 12 120 10 


100 Volt DC — 300 MHz Series 


Min. Gain 
(dB) 
12.5V, 175 MHz 


Rated Power Out 
(Watts) 
@ 12.5Vpc 


Test Frequency * OJc 


(MHz) 


Part Number 


DVD030S 
DVD150T 


Min. BVpss 


Siliconix 7-15 


SPINS 410499/9S S]z4 AOMOdg 44 


“adn 


ae 
O 
Oo 
| ® 
co 
AS, 
©) 
QO . 
o 5 
Q 
< 5 


oe Switches Selector Guide 
Application Suggested Switches 


) Low Power Low Supply CMOS DG304-DG308, DG304A, 
Current 


DG307A, DG309 
DG300-DG303, DG381-DG390, 
2) Minimum Number | Only One or Two 
of Power Supplies | Supplies Needed 


DG300A-DG303A, DG381A-DG390A 


CMOS DG300-DG308A, 
DG300A-DG307A, DG309 
(Can Also Be Used As Single Supply) 
CMOS DG211, DG200A, 
DG201A, DG202, DG212 
(For MUX: DG506-DG509, 
DG506A-DG509A, DG528, DG529) 


Battery Operated 
or Battery Back- 


SPINS 10JOeIES SOUSIIMS BojouYy 


Up Supply 
3) Low Standby Low Standby CMOS DG304-DG308A, DG211, 
Power Current DG304A-DG307A, DG309, DG212 
1) Low Signal . LOW rDS(on); JFET is Constant, JFET DG180-DG191 
Distortion Constant rpsion) | DS(on); Signal CMOS DG300-DG308A, DG381-DG390, 
Range Limited DG300A-DG307A, DG309, 
Toward Negative DG381A-DG390A, DG5040-DG5045 
Supply; DG243 (Make-Before-Break) 
CMOS Slight rpsion) | 
Variation, Full Signal 
2) Low Noise Low rpS(on) CMOS DG300-DG308A, DG381-DG390, 
(Channel) DG300A-DG307A, DG309, 
DG381A-DG390A, DG5040-DG5045, 
DG243 
JFET DG180-DG191 
3) Wide Signal +15V Signal CMOS DG300-DG308, DG381-DG390, 
Range Range DG300A-DG307A, DG309, 
Audio DG381A-DG390A, DG5040-DG5045, 
DG243 
CMOS DG200, DG200A, DG201, 
DG201A, DG202, DG211, DG212 
(MUX: DG506-DG509, DG506A- 
DG509A, DG528, DG529) 
Signal Range is Higher rps(on) JFET (752) DG182, DG185, DG 188, 
From the Positive | (Must Stay Above DG191 
Supply to Above Negative Supply By (102, 3082) Remainder of 
the Negative 5V to 7.5V) DG181-DG190 Family 
Supply 
4) Large Dynamic Wide Signal CMOS DG304-DG308A, | 
Range Range and Low DG304A-DG307A, DG309 
Thermocouple DG300-DG303, DG381-DG390, DG211, 
Noise DG300A-DG303A, DG381A-DG390A, 
DG212 
1) High OFF High OFF Higher rps(on) JFET (302, 752) DG181, DG182, DG 184, 
Impedance, Small | Isolation DG185, DG187, DG188, DG190, DG191 | 
Feedthrough of CMOS DG200, DG201, DG211, DG200A, 
Signal DG201A, DG202, DG212 
CMOS DG300-DG308A, DG381-DG390, 
DG300A-DG307A, DG309, DG381A- 
Vides DG390A, DG5040-DG5045, DG243 


JFET (102) DG180, DG183, DG186, 


Lower OFF Isolation | 
DG189 f 


2) Good Impedance 


(High Frequency) Low rDS(on) 


Matching, 
Minimum Signal (302) DG181, DG184, DG187, 
Drop Across DG190 


CMOS DG300-DG308A, DG211 
DG300A-DG307A, DG309, DG212 


Switch 


Bold Print = Recommended for the application 


Siliconix 7-16 


Feature of Important Major 
Application Application Tradeoffs 


1) Low Droop Rate Low Leakage Higher ON 
Resistance 


Low Charge 
Coupling 


2) Low Sample to 
Hold Offset 


Higher ON 
Resistance 


Sample and Hold 


Low ON 
Resistance 


3) Fast Acquisition 
Speed 


Higher Leakage 
Higher Charge 
Coupling 


Analog Switches Selector Guide 


1) Low Error Voltage | Low Leakage 


Switching to High 
Impedance Inputs 


2) Low Switching 
Transient Error 
Voltage 


Low Charge 
Coupling 


Monolithic 
Good Switch 
Performance 


1) Best Performance 
for Lowest Cost 


Low Cost 


Military System 1) Hi-Rel Specified aa 


1) Good Matching of | Monolithic Switch 
Switch 
Parameters 


Differential Signal 


Switching Drain and Source | JFET Switches Not 


of FET Switchin | Monolithic 
Close Proximity 
on Small Chip 
Low Power Dissi- 


pation on Switch 
Driver 


2) Low Thermo- 
couple Offset 
Voltage 


Bold Print = Recommended for the application 
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Analog Switches Selector Guide (Contd) 


Suggested Switches 


CMOS DG300A-DG307A, DG300, DG309 


DG381A-DG390A 


CMOS DG300-DG308A, DG381-DG390, 


DG5040-DG5045 


JFET DG180-DG191- 


CMOS DG211, DG200A, 
DG201A, DG202, DG212 


CMOS DG200A, DG201A, DG202, 
DG212, DG211 
JFET DG181, DG182 
(302, 752) DG184, DG185, 
DG187, DG188, DG190, DG191 
CMOS DG300-DG308A, 
DG300A-DG307A, DG309 


JFET (102) DG180, DG183, DG186, 
DG189 
(302, 752) Remainder of DG181- 
DG191 Family 
CMOS DG300-DG307, DG381-DG390, 
DG300A-DG307A 
CMOS DG211, DG212 
CMOS DG381A-DG390A, DG200A, 
DG201A, DG202 : 


CMOS DG300A-DG307A, 
DG381A-DG390A 

CMOS DG300-DG307, DG381-DG390, 
DG5040-DG5045, 
DG211, DG200A, DG201A, DG212 


CMOS DG200A, DG201A, DG202, 
DG212 

CMOS DG211 
DG300-DG307, DG381-DG390, 


_ DG3800A-DG307A, DG381A-DG390A 


CMOS DG211, DG212, DG303, DG309, 
-DG308A, DG300-DG307, DG5040-DG5045 
DG381-DG390, 
DG200A, DG201A, DG202, 
DG300A-DG307A, DG243, 
DG381A-DG390A 


BS9000 
JM38510/XXXXX 


CMOS DG300, DG302, DG303, DG304, 
DG243, DG306, DG307, DG308A, 
DG381, DG384, DG390, DG309 

CMOS DG211, 

DG5040-DG5045, DG300A, DG302A, 
DG303A, DG304A, DG306A, DG307A, 
DG309, DG381A, DG384A, DG390A, 
DG200A, DG207A, DG202, DG212 


JFET DG183, DG184, DG185 


CMOS DG304, DG306, DG307, DG308A 
DG304A, DG309 
DG300-DG303, DG300A-DG303A, 
DG306A, DG307A, DG381-DG390, 
DG381A-DG390A, DG309 


7 Analog Swiiches Selector Guide (Contd) 
rencaton | ptt 
| ) 


1) Low Noise Low rpS(on 
(Channel) 


2) Low Charge 
Coupling 


3) High Impedance 
Inputs of Load 


Small Signal 
(<1V) 


4) Low Thermo- 
couple Offset 
Voltage 


Low Power Switch 


Drain and Source 
of FET Switch in 
Close Proximity 
on Small Chip 


1) Break-Before- 
Make Switching 


ton is Greater 
Than toff 


2) Binary Controlled | Binary Decoding 
Logic Inputs Stage on Chip 
Multiplexing 3) Differential Multi- | Dual Switching 
plexing Action 


) 
) 

4) D/A Conversion Binary Weighted 
ON Resistance 
and Channel 
Resistance to 


Minimize Error 
Bold Print = Recommended for the application 


Siliconix 


Higher Leakages 


CMOS DG300-DG308A, DG381-DG390, 


JFET DG181, DG182, DG184, DG 185, 


CMOS DG300A-DG307A, DG309, 


Low Leakage _—_{ Higher rpsion) 


CMOS DG304-DG307, 
JFET DG180-DG190 Family 


CMOS DG506, DG506A, DG507, 


Suggested Switches 


JFET (102) DG180, DG183, DG 186, 
DG189 
(302, 752) Remainder of 
DG181-DG191 Family 


CMOS DG300A-DG307A, DG309, 
DG381A-DG390A, DG212, DG308A 
CMOS DG300-DG308, DG381-DG390, 

DG211 


DG211, DG5040-DG5045, DG243, DG309 
DG200-DG201 


DG187, DG188, DG190, DG191 


DG381A-DG390A, DG212 


DG304A-DG307A, DG381A-DG390A 
DG300-DG303, DG381-DG390, 
DG300A-DG303A 


@PIND 10}/99]/9g sayrIMS Hojpuy 


DG507A, DG508, DG508A, DG509, 
DG509A, DG528, DG529 (Latchable) 


PMOS DG501, DG503 


CMOS DG507, DG509,. DG507A, 


DG509A, DG529 


NMOS DG515, DG516 


6L-2 
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Preferred Product Selector Guide 


Analog Switches 


: Analo : I H 
Basic Vol 3 'DS(on) Switching : Opt: Supely Voltage 
. oltage M \ i ; Logic Levels . 
Part Switch ax Dioff) Time . : : ; 
No T Range (+) (-) Logic Ref. Comments Switch Configuration 
. ype (Vv) (2) (nA) (usec) 
(Note 1) N 4 VINL VINH Sup. Sup. Sup. Sup. 
(Note 4) (Note 4) ton torr - v- Vi VR 
SINGLE CHANNEL SPST 
DG5040 Plus 40 CMOS +15 to — 15 50 1 1.0 0.5 0.8 2 15 -15 5 — TTL Compatible 1 SPST Switch per Package 
TWO CHANNEL SPST 
DG180 N-JFET +10 to -— 12.5 10 10 0.3 0.25 0.8 2.0 10 — 20 5 0 Break-Before-Make 
, +10 to -—7.5 10 10 0.3 0.26 0.8 2.0 15 —15 5 0 15 V Supplies 
DG181 N-JFET +10 to -— 12.5 30 1 0.15 0.13 0.8 2.0 10 ~20 5 0 Break-Before-Make 
+10 to —7.5 30 1 0.15 0.13 0.8 2.0 15 - 15 5 0 15 V Supplies JAN/11101 
DG182 N-JFET +10 to — 15 75 1 0.25 0.13 0.8 2.0 10 -20 5 0 Break-Before-Make 
+10 to —10 75 1 0.25 0.13 0.8 2.0 15 ~15 5 0 15 V Supplies JAN/11102 2 SPST Switches per Package 
DG200A Plus 40 CMOS +15 to — 15 70 2 1.0 0.5 0.8 2.4 15 — 15 — - TTL In © 
DG281 N-JFET +15 to — 15 300 0.2 0.15 0.13 0.8 2.0 15 -15 5 0 Low Charge Injection 
DG300 CMOS +15 to — 15 50 1 0.3 0.25 0.8 4.0 15 — 15 _ — Low Power, TTL In JAN/11601 o——rTa0 o——oTs-0 
DG300A _— Plus 40 CMOS +15 to ~15 50 1 0.3 0.25 0.8 4.0 15 -15 = — Low Power, TTL In fp {)p! 
DG304 CMOS +15 to —15 50 1 0.25 0.15 3.5 11.0 15 -— 15 _ — Low Power, CMOS In JAN/11605 
DG304A Plus 40 CMOS +15 to — 15 50 1 0.25 0.15 3.5 11.0 15 - 15 — Low Power, CMOS In 
DG381 CMOS +15 to — 15 50 1 0.3 0.25 0.8 4.0 15 — 15 _ — Low Power, DG181 Pin Out 
DG381A Pius 40 CMOS +15 to — 15 50 1 0.3 0.25 0.8 4.0 15 —15 - _ Low Power, DG181 Pin Out 
DG5041 Plus 40 CMOS +15 to —15 50 1 1.0 0.5 0.8 2.0 15 — 15 5 _ TTL Compatible 
FOUR CHANNEL SPST 
DG201A Plus 40 CMOS +15 to — 15 175 1 1.0 0.5 0.8 2.4 15 — 15 _ — TTL In 4 SPST Switches per Package 
DG202 Plus 40 CMOS +15 to —15 175 1 1.0 0.5 0.8 2.4 15 — 15 _ — TTL In Ano An 
DG211 Pius 40 CMOS +15 to — 15 175 5 0.5 0.4 0.8 2.4 15 —15 5 - Low Cost, TTL In {> of )> 
DG212 Plus 40 CMOS +15 to — 15 175 5 0.6 0.45 0.8 2.4 15 -—15 5 — Low Cost, TTL In 
DG308A Plus 40 CMOS +15 to —15 100 1 0.2 0.15 3.5 11.0 15 — 15 _ _ Low Cost CMOS In 
DG309 Plus 40 CMOS +15 to — 15 100 5 0.2 0.15 3.5 11.0 15 - 15 _ — Low Cost CMOS In oo T4-0 2 o| so 
ONE CHANNEL SPDT 
DG186 N-JFET +10 to — 12.5 10 10 0.3 0.25 0.8 2.0 10 —20 5 0 Break-Before-Make 
N-JFET +15 to -—7.5 10 10 0.3 0.25 0.8 2.0 15 — 15 5 0 15 V Supplies 
DG187 N-JFET +10 to - 12.5 30 1 0.15 0.13 0.8 2.0 10 — 20 5 0 Break-Before-Make 
N-JFET +15to —-7.5 30 1 0.15 0.13 0.8 2.0 15 — 15 5 0 15 V Supplies JAN/11105 
DG188 N-JFET +10 to —15 75 1 0.25 0.13 0.8 2.0 10 —20 5 0 Break-Before-Make 1 SPST Switch per Package 
N-JFET +15 to — 10 75 1 0.25 0.13 0.8 2.0 15 — 15 5 0 15 V Supplies JAN/11106 
DG287 N-JFET +15 to —7.5 300 0.2 0.15 0.13 0.8 2.0 15 — 15 5 0 Break-Before-Make As 
DG301 CMOS +15 to — 15 50 1 0.3 0.25 0.8 4.0 15 -15 — _ Low Power, TTL In JAN/11602 ey 
o_o Tao 
DG301A Plus 40 CMOS +15 to — 15 50 1 0.3 0.25 0.8 4.0 15 —15 — ~ Low Power, TTL In 
DG305 CMOS +15 to — 15 50 1 0.25 0.15 3.5 11.0 15 -15 — _ Low Power, CMOS In JAN/11605 fp 
DG305A Plus 40 CMOS +15 to — 15 50 1 0.25 0.15 3.5 11.0 15 —15 — — Low Power, CMOS In 
DG387 CMOS +15 to — 15 50 1 0.3 0.25 0.8 4.0 15 -15 _ _ Low Power, DG187 Pin Out 
DG387A Plus 40 CMOS +15 to — 15 50 1 0.3 0.25 0.8 4.0 15 — 15 _ — Low Power, DG187 Pin Out 
DG5042 Plus 40 CMOS +15 to —15 50 1 1.0 0.5 0.8 4.0 15 —15 5 _ TTL Compatible 
NOTES: 


1. The devices shown in boldface are recommended parts for new designs. 

2. The appropriate switching characteristic for multiplexers is tTRANSITION: °t ton, torr: ; : 

3. Vagf=1.5 V is used when supply. voltages < +15 V are used. Not needed when supply voltages of + 15 are used. 

4. Analog voltage range is a function of supply voltages. Where a FET switch is PMOS or CMOS, rps is also a function of Supply Voltage and Analog Voltage. See individual data sheets for more detail. Values 
shown are for temperature suffix A. 

5. Device normally operates with resistor to + 10 V. 
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Analog Switches (Cont'd) 


’ Analo : 
Basic aan 9 DS(on) Switching - Opt. Supply Voltage 
Part Switch eueee ax Ip (off) Ti Logic Levels (V) 
N T Range ° bbs (Vv) (+) (-) Logic Ref. Comments Switch Configuration 
o. ype (Vv) (Q) (nA)} (usec) 
(Note 1) (N 4) VINL VINH Sup. Sup. Sup. Sup. 
(Note 4) ote tON torF V+ ve VE VR 
TWO CHANNEL SPDT 
0G189 N-JFET +10 to - 12.5 10 10 0.3 0.25 0.8 2.0 10 ~20 5 0 Break-Before-Make 
N-JFET +15to -7.5 10 10 0.3 0.25 0.8 2.0 15 ~15 5 0 15 V Supplies 
DG190 N-JFET +10 to - 12.5 30 } 0.15 0.13 0.8 2.0 10 -—20 5 0 Break-Before-Make JAN/11107 
N-JFET +15to -7.5 30 1 0.15 0.13 0.8 2.0 15 - 15 5 0 15 V Supplies 
DG191 N-JFET +10 to - 15 75 1 0.25 0.13 0.8 2.0 10 ~20 5 0 Break-Before-Make JAN/11108 2 SPDT Switches per Package 
N-JFET +15 to —10 75 1 0.25 0.13 0.8 2.0 15 -15 5 0 15 V Supplies 
DG243 Plus 40 CMOS +15to -—15 50 1 0.5 1.0 0.8 2.0 15 -—15 5 — Make-Before-Break (DG191 Pin Out) 
DG290 N-JFET +15to —7.5 300 0.2 0.15 0.13 0.8 2.0 15 ~15 5 0 Break-Before-Make 0+ Tao o———oT a0 
DG303 CMOS +15 to - 15 50 1 0.3 0.25 0.8 4.0 15 -—15 _ - Low Power, TTL In JAN/11604 o———e fo o-—-——_o Tao 
DG3BA Plus 40 CMOS +15 to — 15 50 1 0.3 0.25 0.8 4.0 15 - 15 - _ Low Power, TTL In 6 'D > J 7 {) p> J 
DG307 CMOS +15 to -15 50 1 0.25 0.15 3.5 11.0 15 -15 — — Low Power, CMOS In JAN/11608 
DGR7A Plus 40 CMOS +15 to —15 50 1 0.25 0.15 3.5 11.0 15 ~-15 _— _ Low Power, CMQS In 
DG390 CMOS +15 to —15 50 1 0.3 0.25 0.8 4.0 15 - 15 _ _ Low Power, DG190 Pin Out 
DG390A Plus 40 CMOS +15 to —15 50 1 0.3 0.25 0.8 4.0 15 —15 _ _ Low Power, DG190 Pin Out 
0G5043 Plus 40 CMOS +15 to —15 50 1 1.0 0.5 0.8 2.0 15 -15 5 - 
ONE CHANNEL DPST 
0G5044 Plus 40 CMOS +15 to —15 50 1 1.0 0.5 0.8 2 15 -15 5 — TTL Compatible 1 DPST Switch per Package 
TWO CHANNEL DPST 
DG183 N-JFET +10 to - 12.5 10 : 10 0.3 0.25 0.8 2.0 10 ~20 5 0 Break-Before-Make 
N-JFET +15 to —7.5 10 10 0.3 0.25 0.8 2.0 15 ~15 5 0 15 V Supplies 
DG184 N-JFET +10 to - 12.5 30 1 0.15 0.13 0.8 2.0 10 ~20 5 0 Break-Before-Make 
N-JFET +15to -7.5 30 1 0.15 0.13 0.8 2.0 15 ~15 5 0 15 V Supplies 
DG185 N-JFET +10 to — 16 75 1 0.25 0.13 0.8 2.0 10 -20 5 0 Break-Before-Make 2 DPST Swi 
N-JFET +15 to —10 75 1 0.25 0.13 0.8 2.0 15 15 5 0 15 V Supplies PST owitenes:per: Package 
DG284 N-JFET +15 to -7.5 300 0.2 0.15 0.13 0.8 2.0 15 - 15 5 0 Break-Before-Make ‘< Jae € oes 
DG302 CMOS +15 to — 15 50 1 0.3 0.25 0.8 4.0 15 -15 _ _ Low Power, TTL In ( yy 
DG302A Pius 40 CMOS +15 to ~ 15 50 1 0.3 0.25 0.8 4.0 15 --15 _ _ Low Power, TTL In ae: —? 
DG306 CMOS ° +15 to — 15 50 1 0.25 0.15 3.5 11.0 15 -15 ~ - Low Power, CMOS In -f{ p> fp 
DG306A Plus 40 CMOS +15 to -15 50 1 0.25 0.15 3.5 11.0 15 ~ 15 _ - Low Power, CMOS In 
DG384 CMOS +15 to —15 50 1 0.3 0.25 0.8 4.0 15 -15 _ _ Low Power, DG184 Pin Out 
DG384A Pius 40 CMOS +15 to -15 50 1 0.3 0.25 0.8 4.0 15 -15 _ = Low Power, DG184 Pin Out 
DG5045 Pius 40 CMOS +15 to -— 15 50 1 1.0 0.5 0.8 2.0 15 -15 5 _ 
NOTES: 


1. The devices shown in boldface are recommended parts for new designs. 

2. The appropriate switching characteristic for multiplexers is tTRANSITION: 9°t ton, torr: 

3. Vreg = 1.5 V is used when supply voltages < + 15 V are used. Not needed when supply voltages of + 15 are used. 

4. Analog voltage range is a function of supply voltages. Where a FET switch is PMOS or CMOS, rps is also a function of Supply Voltage and Analog Voltage. See individual data sheets for more detail. Values 
shown are for temperature suffix A. 

5. Device normally operates with resistor to + 10 V. 
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Multiplexers and Multiplexers with Inout Latches 


Analog Supply Voltage 
r eae 
Basic Voltage eeionl i Transition Logic Levels (Vv) 
Process ax Dioff) Time 
Part Range (Vv) (+) (-) Comments 
Type (Vv) (Q) (nA) (usec) 
No. VINL VINH Sup. Sup. 
(Note 4) (Note 4) (Note 2) V+ v- 
EIGHT CHANNEL MUX + ENABLE 
DG501 PMOS +5 to —5 150-240 8 1.5 0.6 3.5 5 — 20 Logic Pullup Resistors 
DG503 PMOS +10 to — 10 150-800 8 1.5 0.6 8.5 10 —20 
DG508A Plus 40 CMOS +10 to — 15 400 10 1.0 0.8 2.4 15 — 15 Break-Before-Make 
DG528 Pius 40 CMOS +15 to — 15 400 10 1.0 0.8 2.4 +15 —15 Latches On Inputs 
SIXTEEN CHANNEL MUX + ENABLE 
DG506A Plus 40 CMOS +15 to —15 400 10 1.0 0.8 2.4 15 — 15 Break-Before-Make 
FOUR CHANNEL DIFFERENTIAL MUX + ENABLE 
DGS509A Plus 40 CMOS +15 to — 15 400 10 1.0 08 — 2.4 15 —15 Break-Before-Make 
DG529 Plus 40 CMOS +15 to — 15 400 10 1.0 0.8 2.4 15 — 15 Latches On Inputs 
, EIGHT CHANNEL DIFFERENTIAL MUX+ ENABLE 
DG507A Plus 40 CMOS +15 to —15 400 5 1.0 0.8 2.4 +15 — 15 Break-Before-Make 


Switch Configurations 


Multiplexer Differential Multiplexer 


DtF FERENTIAL 
INPUTS 


OuTPUT 


En cL DECODE LOGIC En ae DECODE LOGIC 


8-Channel 4-Channel 8-Channel 


NOTES: 

. The devices shown in boldface are recommended parts for new designs. 

. The appropriate switching characteristic for multiplexers is ttRANSITION, 0°t ton, torr: 

. VreF=1.5 V is used when supply voltages < + 15 V are used. Not needed when supply voltages of + 15 are used. i 

. Analog voltage range is a function of supply voltages. Where a FET switch is PMOS or CMOS, rps is also a function of Supply Voltage and Analog Voltage. See individual data sheets for more 
detail. Values shown are for temperature suffix A. 

. Device normally operates with resistor to +10 V. 
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_ Analog Swiiches Product Information 


Drivers and Gates 


Basic Analog Opt. Sup. Voltage 
Part 'DS(on) | Voltage Switching ; V 
No. Max. Range Time Logic Levels | (+) (-—) Logic 
(Notes (Q) (p-p V) _ (us) Sup. Sup. Sup. 
1 & 2) (Note 3) | (Note 3) | ton tofr | Switch | Vinc VINH| V1 V2 Vi Comments 


One Channel SPST 


DG5040 | CMOS 30 1.0 0.5 1 0.8 2.0 15 ~15 5 
Pius-40 


Two Channel SPST | 


DGM111} PMOS 0 
DG133 N-JFET 1 See DG181 For New Design 
DG134 N-JFET 1 See DG182 For New Design 
DG141 N-JFET 1 See DG180 For New Design 
DG151 N-JFET 1 See DG180 For New Design 
DG152 N-JFET 1 See DG181 For New Design 
DG180 N-JFET 0 Break-Before-Make 
0 15V Supplies 
*DG181 N-JFET 0 Break-Before-Make 
0 15V Supplies 
*DG182 N-JFET 0 Break-Before-Make 
0 15V Supplies 
*DG200A| CMOS 0 
Plus-40 
DG281 N-JFET 0 Break-Before-Make 
*DG300 CMOS 1 
*DG381 | CMOS 0 
*DG304 CMOS 1 CMOS compatible 
*DG5041 | CMOS 1 Break-Before-Make 
Plus-40 
Four Channel SPST 
*DG172 PMOS | 150-450 : é : : 10 -20 5 
*DG201A; CMOS 175 : : : ; 15 -15 
Plus-40 
DG201HS| CMOS 50 : : 15 -15 Super Fast Switch 
Plus-40 with input latches 
DG221 | CMOS 15-15 
Plus-40 
*DG202 CMOS 15 -15 — 
Plus-40 
*DG211 CMOS 15 -15 5 
Plus-40 
*DG212 CMOS 15 -15 5 
Plus-40 
*DG308A |} CMOS 15 -15 — Single Supply Operation 
Plus-40 
*DG309 CMOS 15 -15 — Single Supply Operation 


Plus-40 


Five Channel SPST 


DG125 100-450 0.3 2.0 10 -20 5 
| Pmos | 100-450] 20 |o3s 20 | o | 05 46] 10 -20 5 | 


One Channel SPDT 


DG143 
DG144 


(Note 4) 
(Note 4) 


See DG188 For New Design 
See DG187 For New Design 


DG146 (Note 4) See DG186 For New Design 
DG161 (Note 4) See DG186 For New Design 
DG162 (Note 4) — See DG187 For New Design 
DG186 (Note 5) 5 Break-Before-Make 
(Note 5) 5 15V Supplies 
*DG187 (Note 5) 5 Break-Before-Make 
(Note 5) 5 15V Supplies 
*DG188 (Note 5) 5 Break-Before-Make 
(Note 5) 5 15V Supplies 
5 


DG287 (Note 5) Break-Before-Make 


*Devices recommended for new designs are indicated in bold face type. 
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Analog Switches Product Information 


Analog Switches Product Information (Contd) 


Drivers and Gates (Cont'd) 


Basic Analog Opt. Sup. Voltage 
Part 'DS(on) | Voltage Switching Logic (Vv) 
No. Max. Range Time Input | Logic Levels| (+) (-—) Logic 
(us) for ON (V Sup. Sup. Sup. 
ton torr | Switch | Vint VINH| V1 V2 Vi Comments 


(Note 5) 


(Note 5) 
*DG305 (Note 5) CMOS compatible 
$13002 (Note 5) 
*DG5042 (Note 5) Break-Before-Make 


DG189 (Note 5) 5 Break-Before-Make 
(Note 5) 5 15V Supplies 
*DG190 (Note 5) 5 Break-Before-Make 
(Note 5) 5 15V Supplies 
*DG191 (Note 5) 5 Break-Before-Make 
(Note 5) 5 15V Supplies 
*DG243 (Note 5) 5 Make-Before-Break 
DG290 (Note 5) 5 Break-Before-Make 
*DG303 (Note 5) = 
*DG390 (Note 5) 15 -15 — 
*DG307 (Note 5) 15  -15 © — | CMOS compatible 
(Note 5) 15 -15 5 Break-Before-Make 


*DG5043 


One Channel DPST 


*pq@5044| CMOS Cee see | 1.0 0.5 (Note5)| 08 #20! 15 -15 5 | Break-Before-Make 
Plus-40 


Two Channel DPST 


DG126 1 See DG185 For New Design 
DG129 1 See DG184 For New Design 
DG140 1 See DG183 For New Design 
DG153 1 See DG183 For New Design 
DG154 1 — |See DG185 For New Design 
DG183 1 5 Break-Before-Make 
1 5 15V Supplies 
*DG184 1 5 Break-Before-Make 
1 5 15V Supplies 
*DG185 1 5 Break-Before-Make 
1 5 15V Supplies 
DG284 1 5 Break-Before-Make 
*DG302 1 — 
*DG384 1 — 
*DG306 1 CMOS compatible 
*DG5045 1 Break-Before-Make 


See DG191 For New Design 
See DG190 For New Design 
See DG189 For New Design 
See DG189 For New Design 
See DG191 For New Design 


(Note 4) 
(Note 4) 
(Note 4) 
(Note 4) 
(Note 4) 


DG142 
DG145 


PMOS | 150-250 10 Logic Pullup Resistors 


PMOS | 150-800 20 


(Note 8) 
1.5 (Note 8) 


(Note 7) 
(Note 7) 


DG503 


*Devices recommended for new designs are indicated in bold face type. 
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Analog Switches Product Information (Contd) 


Drivers and Gates (Cont'd) 


Analog Opt. Sup. Voltage 
Voltage Switching Logic (Vv) 
No. Range Time Input | Logic Levels; (+) (-) Logic 
(Notes (p-p V) (us) for ON (V) Sup. Sup. Sup. 
tONn torr | Switch | Vint VINH! V1 V2 Vi Comments 


*DG508A 1.0 (Note 8)} (Note 7) 


*DG528 1.0 (Note 8)}| (Note 7) With Input Latches 


$13705 1.5 (Note 8)| (Note 7) See DG501/No Pullup 


Resistors 


Break-Before-Make 


1.0 (Note 8)} (Note 7) Break-Before-Make 


Plus-40 


CMOS 
Plus-40 


1.0 (Note 8); (Note 7) With Input Latches 


Break-Before-Make 


= 6.252, Ro = 12.5, 
R3 = 252, Ry =50Q 


Ry = 1002, Ro = 2002 
R3 = 4002, R4 = 8002 
R5 = 16002 

Rg-10 = 3200 2 


Multiple FET Switches 


Siliconix P-Channel MOSFET & DMOS Switches are available for such applications as sequential switching (com- 
mutation), signal processing, modulation, and A-to-D conversion. The MOSFET is normally OFF. These devices are 
also available with Siliconix drivers in a single package. 


Circuit Function 


Ss 
O D 
UR g 
Basic R A 
Pat cil T Cgs Cds Csb 
Number E N E Pull Up r'psMax. (V) Is(off) VGS(th) Typ. Typ. Typ. 
(Note 2) S S S_ SwitchType OnGate @Vs=+10V @Vs=-10V BVpss (nA) Min. Max. (p (pF) (p 
G115 6 1 6 SP6T Yes 100 450 ~30 05 -15 -40 09 04 2 
G118 6 1 8 SP6T No 100 450 -30 05 -15 -40 09 04 2 
G119 6 2 8 DP3T Yes 100 450 -30 0.5 -15 -40 18 04 2 
G122 4 2 2 DPDT Yes 100 450 ~30 05 -15 -40 18 04 . 2 
— 123 4 2 4 2xSPDT Yes 100 450 -30 05 -15 -40 18 04 2 
*SD5000 4 4 4 #£4xSPST No 50 20 100 01 20 35 O58 4 
*Sp5001 4 #4 #4 #44xSPST No 50 10 10.0 01 20 35 05 4 
*SD5002 4 4 4 #4«4xSPST No 50 15 10.0 01 20 35 O05 4 
*$D5200 4 4 4 £4xSPST No 80 30 1000 05 20 35 O58 4 


*Devices recommended for new designs are indicated in bold face type. 
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Basic 
Part 
Number 
(Note 2) 


D125 


pi29 «| 7 


— *D169 2 


D469 


Analog Switches Product Information 


$i7250 4 


Basic 


Part 
Number 


(Note 2) 


PWM25 


PWM27 


PWM125 


-PWM127 


7-25 


Six Separate 


_ with Comple- 


to drive high- 
capacity loads. 


Drivers for MOS FET Switches 


Function 
and 
Uses 


MOSFET 
Drivers 


Four Channel 
(BV = 50) 
MOSFET 
Driver with 
Decode 


Dual High- 
Speed Drivers 


mentary Out- 
puts designed 


Quad High 
Speed Driver 


Quad High 
Speed Driver 


Current(s) 


0.4V@5mA 


@200mA 
Vpp -0.2V 
@10mA 


at 


Rated Current 
or 
(OUT) OFF 
at. 
Rated Voltage 


0.1uA@10V 


0.7V@10mMA ] 0.1nA@10V 


1.2V@1imA 
3.0V@40mA 


1.1V@1mA 
2.5V@40mA 


2.0V@200mMA 
0.2V@10mA 


2.0V@200mMA 
0.2V@10mA 


Output & 
Comple- 
ment 

Available 


| 
2.0 


(V) 


(Note 9) 


+12V, GND 


+12V, GND 


Pulse Width Modulators 


Function 
and 
Uses 


Pulse Width 
Modulator for 
SMPS to drive 
NPN or N channel 
MOSPOWER 
Devices 


Pulse Width 
Modulator for S 
SMPS to drive 
PNP or P channel 
MOSPOWER 
Devices 


Pulse Width 
Modulator for 
SMPS to drive 
N channel MOS- 
POWER Devices 


Pulse Width 
Modulators for 


- §SMPS to drive 


P channe! MOS- 
POWER Devices 


Operating Freq. 


10Hz2-400kHz 
with Dead Time 
Adjust 


10Hz-400kHz 
with Dead Time 


10Hz - 800kHz 
with 100ns Dead 
Time 


10Hz - 800kHz 
with 100ns Dead 


VOL 
@ Rated Current 


0.4V @ 20mA 
2.5V @ 100mA 


0.4V @ 20mA 
2.5V @ 100mA 


0.4V @ 20mA 
_ 2.5V @ 100mA 


0.4V @ 20mA 
2.5V @ 100mA 


Siliconix 


VOH 
@ Rated Current 


V+ —2V@20mA 
V+ —3V@100mA 


V+ —2V@20mA 
V+ —3V@100mMA 


V+ —2V@20mA 
V+ —3V@100mA 


V+ —2V@20mA 
V+ —3V@100mA 


Optimum Supply 
Voltage 


These drivers were designed to function as a level shifter and buffer between low level logic and the control gate of FET 
analog switches. Output voltage ratings are as high as 50V. 


OFF Level 
V(OUT)OFF 


Switching 
Time,us) 
ton torr 


0.5 1.2 


0.25 0.8 


tgqt+ tq- 


0.17 0.20 
0.17 0,20 


0.045 


0.150 


Supply Voltage 


+8.5V to +35V 


+8.5V to +35V 


+8.5V to +35V 


+8.5V to +35V 


Voltage Converters 


Basic 


Part Function 
Number and Quiescent Output Voltage @ 
(Note 2) Uses Voltage Range Current Output Voltage Output Current 


$i7661 Voltage 


Doubler/Iinverter 


—18V to +18V 


+4.5V to +20V 2mA Max —20V to +20V 
@ 20mA 


NOTES: 


(1) *Devices recommended for new designs are indicated in bold face type. 

(2) See pages 7-26 through 7-28 for package and temperature designations for most products. 

(3) Analog voltage range is a function of supply voltages. Where a FET switch is PMOS or CMOS, rpg is also a function of Supply 
Voltage and Analog Voltage. See individual data sheets for more detail. 

(4) Input reference voltage of 2.5V is required (see data sheets). 

(5) See data sheet for switch state of differential switches. 

(6) Current Driven Device | jnpy = IMA. 

(7) For truth table see data sheet. 

(8) The appropriate switching characteristic for multiplexers is tTRANSTION, NOt ton, tOFF- 

(9) Device normally operates with resistor — to +10V. 

(10) (C, = 35pF). | 
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LSI/Linear Product Information 


LS!I/Linear Product Information 


A/D Converters 


31/2-Digit 
High 
Performance 


4%2-Digit 


4%2-Digit 


LD110/LD111A 
16-pin 
plastic DIPs 


+3¥2-Digit A/D Converter 
Accuracy 0.02% +1 count 
Auto zero 

Auto polarity 

10uV resolution 
Typical.T.C. of 5 ppm/°C 

A usable 20mV scale 
+4%2-Digit A/D Converter 
Accuracy 0.005% .+1 count 
Auto zero 

Auto polarity 

TTL compatible 
Internal clock 

Linear to 28,500 counts 


+4¥2-Digit A/D Converter 
Accuracy 0.005% +1 count 
1uV resolution for 20 mV FS 
Auto zero 

Auto polarity 

TTL compatibility 
Internal clock 

Linear to 28,500 counts 


LD120/121A 
16- & 18- pin 
plastic DIP 

respectively 


LD122/LD121A 
16- & 18- pin 
plastic DIP 
respectively 


Micropower Linears 


Triple 
Op Amp 


Quad 
Comparator 


L144 
14-pin plastic, 
ceramic, flat- 
pack & Dice 
L161 
16-pin plastic, 
ceramic, flat- 
pack & Dice 


+1.5to +18V supply 
Programmable supply current 
Internally compensated 

0.4V/us slew rate 


+1.5to +18V supply 
Single supply operation 

Programmable supply current 
3V/us slew rate 


Telecommunications Products 


Loop 
Disconnect 
Dialer 

(pulse dialer) 


7-27 


DF320 
18-lead 

plastic & 
CERDIP 


Siliconix 


Three voltage ranges: 1.999V, 
199.9mMV & 19.99mV 

Sampling rate up to 40 samples/s 

Differential input capability 

Over-range & under-range 
signals 

TTL compatible 

Two voltage ranges: 2.0V & 
200.00mV 

1 to 5 samples/s 

25% inter-digit blanking 

MUX BCD outputs 

0.5 count stability on 2.0V range 

Monolithic design 


MUX BCD outputs 

Two over-range outputs, under- 
range, blink inhibit and 
convert-on-command 
capability 

Interfaces to external circuitry 
and microprocessors 


80dB gain with 20k load 
Drives large capacitive loads 
+30V differential input 
Monolithic construction 


Gain greater than 20V/mV 
Sensing near ground 
+30V differential input 
CMOS Logic compatible 


Operation from 2.5V to 5V 
supply 

Low standby power dissipation; 
3uW 

Low dynamic power consump- 
ion; 600uW 

On-chip oscillator for 3.579545 
MHz crystal 

Redial capability 

Hold capability delays impulsing 

Post-impulsing pause of 33 ms 

Mask during impulsing and inter- 
digit paus?2 

Selectable make-break ratio 

10, 16, 20, 932 Hz impulsing rates 

Inter-digital pause of 800 ms 


LSI/Linear Product Information (conta) 


Loop Same as DF320, except post- 
| Disconnect impulsing pause of 500ms 
| Dialer 
: (pulse dialer) 
| (Cont’d) 
! during impulsing only 
nico Same as DF320, except 10, 
16-lead plastic 932Hz impulsing rates 
No hold capability during 
impulsing 

DF820 Number entry without impulsing, 

18-lead plastic | last number redial up to 24 digits, 
dial and redial of internal PABX 
calls whilst maintaining last ex- 
ternal call for redial later. In- 
definite digit storage, Number entry 
> 24 digits allowed but no redial, 
Reset delay allows line breaks to 
be ignored, single and double con- 
tact keypad interface, multiple 
mute and dial pulse outputs, on 
chip regulator. 

Interface 


Four-digit DF412 Decodes MUX BCD to LCD 7-segment LCD drive signals 
MUX’d BCD | 40-pin plastic | 4-Digit drive capability Drives large LCDs easily 

to LCD Dis- Low power consumption Can be clocked using an external 
play Driver TTL, DTL, CMOS compatible oscillator 


Can be ganged to drive more Internal oscillator available 


than 4 digits 
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Analog Switches JAN38510 


Analog Switches JAN 38540 


Several Siliconix Analog Switches are available fully certified on the QPL (Qualified Parts List) published monthly by 
Defense Electronics Supply Center (DESC). The QPL numbers follow this format: JM38510/XXXXX. Refer to the cur- 
rent Siliconix Price List for available part types and order numbers. 


JAN Part Numbering System 


J M38510/111 07 BEC 


“JAN” Certification Mark 


Military Designator 
Detail Specification (Slash Sheet) 


/111—DG181 Series 
/116—DG300 Series 
/123—DG200 a Series 
/190—DG506 A Series 


a Device Type > 


0i—DG181- 05—DG187 
02—DG182 06—DG188 
03—DG184 07—DG190 
04—DG185 08—DG191 


0i1—DG300 05—DG304 
02—DG301 06—DG305 
03—DG302 07—DG306 
04—DG303 08—DG307 


1123 | 01—DG200A 02—DG201A 


Lead Finish 


A—Solder dip 
B—Bright tin plate 
C—Gold Plate 


C—14-Lead side braze 
E—16-Lead side braze 
I—10-Lead can 


Device Class 


S—Class S$ 
B—Class B 
C—Class C 


‘1116 


JM38510/11101BCC SJM181BCC DG181AP/883 
JM38510/11101BiIC SJM181BIC DG181AA/883 
JM38510/11102BCC SJM182BCC DG182AP/883 
JM38510/11102BiIC SJM182BIC DG182AA/883 
JM38510/11103BEC SJM183BEC DG184AP/883 
JM38510/11104BEC SJM185BEC DG185AP/883 
JM38510/11105BCC SJM187BCC DG187AP/883 
JM38510/11105BIC SJM187BIC DG187AA/883 
JM38510/11106BCC SJM188BCC DG188AP/883 
JM38510/11106BIC SJM188BIC DG188AA/883 
JM38510/11107BEC SJM190BEC DG190AP/883 
JM38510/11108BEC SJM191BEC DG191AP/883 
JM38510/11601BCC SJM300BCC DG300AP/883 
JM38510/11601BIC SJM300BIC DG300AA/883 
JM38510/11602BCC SJM301BCC DG301AP/883 
JM38510/11602BIC SJM301 BIC DG301AA/883 
JM38510/11603BCC SJM302BCC DG302AP/883 
JM38510/11604BCC SJM303BCC DG303AP/883 
JM38510/11605BCC SJM304BCC DG304AP/883 
JM38510/11605BIC SJM304BIC DG304AA/883 
JM38510/11606BCC SJM305BCC DG305AP/883 
JM38510/11606BIC SJM305BIC DG305AA/883 
JM38510/11607BCC SJM306BCC DG306AP/883 
JM38510/11608BCC SJM307BCC DG307AP/883 
JM38510/12303BCC SJM200BCC DG200A AP/883 
JM38510/12303BIC SJM200BIC DG200A AA/883 


JM38510/12304BEC SJM201BEC DG201A AP/883 


7-29 Siliconix 


Analog Switches 
| BS9000 


BS9000 Part Numbering System 


Device Type Number Screening Level 


Temperature Range 


A —55°C to 125°C 
B —20°C to 85°C 


DG126/ 
DG129/ 
DG133/ 
DG134/ 
DG139/ 


DG140/ 
DG141/ 
DG142/ 
DG143/ 
DG144/ 


DG145/ 
DG146/ 
DG151/ 
DG152/ 
DG153/ 


DG154/ 
DG161/ 
DG162/ 
DG163/ 
DG164/ 


DG180/ 
DG181/ 
DG182/ 
DG183/ 
DG184/ 


DG185/ 
DG186/ 
DG187/ 
DG188/ 
DG189/ 


DG190/ 
DG191/ 
DG200A 
DG201A 
DG501/ 


DG503/ 
DGSO6A 


DG507A - 


DG508A 
DGS509A 
$13705/ 


Approved Parts 


Generic Part No. Generic Part No. Generic Part No. 


/BS 


DG300A 
DGS301A 
DG302A 
DG303A 
DG304A 


DG305A 
DG306A 
DG307A 
DG308A 
DG381A 


DG384A 
DG387A 
DG390A 


(Blank) Full assessment 


| 


! BS 9000 Approval 


A Metal can 


P Dual-in-line 
R Dual-in-line 


0006Sa Se4uzuMs Bojnuy 


*Contact one of the Silixonix sales offices for latest information. 
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Process Option Flow Chart 


The Process Option Flow Chart shows the standard screening options 
provided by Siliconix for Integrated Circuits 


Process Option Flow Chart 


Column 1: Denotes the screening process for MIL-883, Class B. To order a part screened to this option, add a ‘’/883”’ 
following the package suffix letter. If Group B or C Quality Conformance is also required, call out as a 
separate line item. Parts in this classification are carried in inventory. 


Column 2: ls the screening procedure for military grade standard products (‘‘A’’ temperature suffix). 
Column 3: Is the normal screening procedure for industrial and commercial grade products (B and C temperature suf- 


fixes), An industrial and commercial grade product (B and C temperature range) may be given a 160 hour 
burn-in at 125°C by adding a Dash 4 (—4) following the package suffix letter. 


7-31 Siliconix 


Process Option Flow Chart 


MIL-STD-883B 
METHOD 5004 
Class B 


Preseal Inspection 
Method 2010 
Condition B 


Wocwo™ 


Stabilization Bake 
Method 1008, Cond. C 
150°C, 24 Hours 


nNnnan~ 


Temperature Cycle 
Method 1010, Cond. C 
-65°C to +150°C 

10 Cycles 


wna 


Centrifuge 
Method 2001, Cond. E 
30,000G Y1 Axis 


Woc™ 


Hermeticity (Fine Leak) 
Method 1014, Cond. A or B 
<5x 10-8 cc/sec 


W~on™ 


Hermeticity (Gross Leak) 
Method 1014, Cond. C 


Wowo™ 


| [Electrical Test | 


Per Data Sheet 
| | 25°C | 5 


Burn-In 
Method 1015 
125°C, 160 Hours 


Wo co™ 


| Electrical Test 
Per Data Sheet 
| | 100% at 25°C 


(ee ead 


Quality Conformance 
Group A* 


Method 5005 


Won 


External Visual 
Method 2009** 
100% 


woo 


(A Temperature Suffix) 


Preseal Inspection 
Method 2010 
Condition B 


wWoc™ 


Stabilization Bake 
Method 1008, Cond. C 
150°C, 24 Hours 


wono™ 


Temperature Cycle 
Method 1010, Cond. C 
-65°C to +150°C 

10 Cycies 


Wo oO™ 


| F centtuee —- ~ 1, 


Method 2001, Cond. E 8 


Hermeticity (Fine Leak) 
Method 1014, Cond. Aor B 


<5 x 1078 ce/sec 


wacom 


Hermeticity (Gross Leak) 
Method 1014, Cond. C 


W oO CO ™ 


| 
| 


| [Final Electrical Test 
| | 100% Per Data Sheet 


= 
| 


| Quality Conformance 7 
= 


| | Electrical Test 
Per Data Sheet 


[1.5% AQL 


External Visual 
Method 2009** 


Wocn™ 


*Group B and C tests done to customer order on /883 parts 


**Physical Dimensions Excluded 


The latest revision of MIL-STD-883 is applicable 


Siliconix 


TINDUSTRIAL/COMMERCIAL | 


(B-C Temperature Suffix) and | 
| —4 (Burned-in) 


| T Prasoal Inspection — ~ 


Siliconix Industrial 
| | x 


Specifications 


(aoe 


Hermeticity (Gross Leak) 
(Non-Plastic Only) 
Method 1014, Cond. C 


W coo ™ 


Burn-In 
125°C, 160 Hours 


(-4 Only) 


| [Final Electrical Test _— | 


100% Per Data Sheet | 
| | Ss 


jU. — aerate 


T Quality Conformance 1 
Electrical Test 
Per Data Sheet | = 


| | 1.5% AQL 


External! Visual 
| 2.5% AQL Beg 
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JM38510/833 Process Option Flow Chart 


JM38510/883 Process Option 


Flow Chart 


Class S$ 


Visual Inspection 
Method 2010 
Condition A 


Stabilization Bake 
Method 1008 
24 Hours 


Temperature Cycle 
Method 1010 


Constant Acceleration 
Method 2001 
Condition E 


Hermeticity Fine 
Method 1014 
Condition A or B 


Hermeticity Gross 
Method 1014 
Condition C 


P.I.N. D 
Method 2020 
Condition A or B 


Electrical Test 
Data Sheet 


Burn In 
Method 1015 
240 Hours, 125°C 


Hermeticity Fine 
Method 1014 
Condition A or B 


Hermeticity Gross 
Method 1014 
Condition C 


Electrical Test 
Data Sheet 


Radiographic 
Method 2012 
Two Views 


Quality Conformance 
Group A,B,C, and D 


Class B 


Visual Inspection 
Method 2010 
Condition B 


Stabilization Bake 
Method 1008 
24 Hours 


Temperature Cycle 
Method 1010 


Constant Acceleration 
Method 2001 
Condition E 


Hermeticity Fine 
Method 1014 
Condition A or B 


Hermeticity Gross . 
Method 1014 
Condition C 


Electrical Test 
Data Sheet 


Burn In 
Method 1015 
160 Hours, 125°C 


Electrical Test 
Data Sheet 


Quality Conformance 
‘Group A, B,C, and D 


Siliconix 


Class C 


Visual Inspection 
Method 2010 
Condition B 


Stabilization Bake 
Method 1008 
24 Hours 


Temperature Cycle 
| Method 1010 


Constant Acceleration 
Method 2001 
Condition E 


Hermeticity Fine 
Method 1014 
Condition A or B 


Hermeticity Gross 
Method 1014 
Condition C 


Electrical Test 
Data Sheet 


Quality Conformance 
Group A, B, C, and D 


BS9000 Series Process Option 


CATEGORY S1 
SCREENING 
LEVELA 


Pre-Cap Inspection 
BS9400 1.2.10 
Level A 


High Temperature 
Storage 

8S9400 1.2.6.3 
150°C for 24 Hours 


Rapid Change of 
Temperature 
Liquid immersion 
BS9400 1.2.6.19 


Rapid Change of 
Temperature 


889400 1.2.6.13 
10 Cycles 
-65°C to 150°C 


Shock at 
14 700 m/s” 
BS9400 1.2.6.6 


Acceleration 

Steady State 
BS9400 1.2.6.9 

296 000 m/s” 

in Directions Y1, Y2 


Fine and Gross 
Leak Tests 
8S39400 
1.2.6.44 (1), {2} 


Electrical Tests at 
25 C as Subgroup 
A3 {a} of the 
Specification 


Burn-in Screen 
BS9400 1.2.7.2.1 
240 Hour Minimum 
at 125°C 


Electrical Tests at 
28°C as Subgroup 
A3 {a} of the 
Specification 


Burn-in Screen 
Reverse Bias 
BS9400 1.2.7.2.1 
72 Hours Minimum 
at 150°C 


Final Electrical 
Tests at 25°C 
as Subgroup 
A3 (a) of the 
Specification 


Radiographic Tests 


Flow Chart 


CATEGORY $2 
SCREENING 
LEVEL B 


Pre-Cap Inspection 
BS9400 1.2.10 
Level B 


High Temperature 
Storage 

BS9400 1.2.6.3 
150°C for 24 Hours 


Rapid Change of 
Temperature 
BS9400 1.2.6.13 
10 Cycles 
65°C to 150°C 


Acceleration 
Steady State 
BS9400 1.2.6.9 
296 000 m/s* 
in Direction Y1 


Fine and Gross 
Leak Tests 
BS9400 
1.2.6.14 {1}, (2) 


Electrical Tests at 
25°C as Subgroup 
A3 (a} of the 
Specification 


Burn-in Screen 
BS9400 1.2.7.2.1 
168 Hour Minimum 
at 125 C 


Final Electrical 
Tests at 25°C 
as Subgroup 
A3 (a) of the 
Specification 


CATEGORY S3 


SCREENING 
LEVEL C 


Pre-Cap Inspection 


BS9400 1.2.10 
Level B 


High Temperature 


Storage 
BS9400 1.2.6.3 


150°C for 24 Hours 


Rapid Change of 
Temperature 
BS9400 1.2.6.13 
10 Cycles 

-€65°C to 150°C 


Acceleration 
Steady State 
BS9400 1.2.6.9 
296 000 m/s? 
in Direction ¥1 


Fine and Gross 
Leak Tests 
Bs9400 
1.2.6.14 {1}, (2) 


Electrical Tests at 
25°C as Subgroup 
A3 (a) of the 
Specification 


Final Electrical 
Tests at 25°C 
as Subgroup 
A3 (a) of the 
Specification 


CATEGORY S4 
SCREENING 
LEVEL D 


Electrical Tests at 
25°C as Subgroup 
A3 {a) of the 
Specification 


Burn-in Screen 
BS9400 1.2.7.2.1 
168 Hour Minimum 
at 125°C 


Final Electrical 
Tests at 25°C 
as Subgroup 
A3 (a) of the 
Specification 


FULL 
ASSESSMENT 
LEVEL 


Final Electrical 
Tests at 25°C 
as Subgroup 
A3 (a) of the 
Specification 


HIDUD MO[4Y UOHIdO SS9d01g S8lI9S 0006S 


\ Groups Groups Groups Groups Groups 
A,8,C and D A,B, C and O A,B,C and O A,B,C and D A,B,C and DO 
Inspection Inspection Inspection Inspection Inspection 


INSPECTION REQUIREMENTS: All tests to be conducted at Tamp = 25°C unless otherwise specified. Samples submitted to tests marked ‘D’ shall not be accepted for release under BS9000 (see 2.6.5 of 

BS9000 Part I). 

Flow chart for 100% screening test procedures (see also Inspection Requirements). Production batches containing greater than 10% defective units subsequent to Burn-in will not be issued for release. 

The following acceptance/rejection criteria apply to the electrical tests after Burn-in for screening levels A, B and D. 

(a) Lots exhibiting greater than 20% defectives shal! be rejected. 

(b) Lots exhibiting less than 10% defectives shall be accepted. 

(c) Lots exhibiting between 10% and 20% defectives (inclusive) shall have the defectives removed and the remainder of the lot subjected to an identical Burn-in. If such a Lot then exhibits greater than 5% 
defectives is shall be rejected. 

Radiographic tests. Each device shall be examined, for extraneous matter and assembly defects, in the X and Y directions. 
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Worldwide Sales Offices ps 


Siliconix 


U.S. Sales 


Central 


Siliconix Incorporated 

1327 Butterfield Rd., Suite 620 
Downers Grove, IL 60515 
(312) 960-0106 

Twx: 910-695-3232 


Siliconix Incorporated 

Two King James South, Suite 143 
24650 Center Ridge Road 
Westlake, OH 44145 - 

(216) 835-4470 

Twx: 810-427-9258 


Siliconix Incorprated 
3310 KeHer Springs Road 
Suite 110A 

Carrollton, TX 75006 
(214) 385-4046/4047 
Twx: 910-860-9262 


Eastern 


Siliconix incorporated 
31 Bailey Avenue 
Ridgefield, CT 06877 
(203) 431-3535 

Twx: 710-467-0660 


Siliconix Incorporated 
395 Totten Pond Road 
Waltham, MA 02154 
(617) 890-7180 

Twx: 710-324-1783 


Northwestern 


Siliconix Incorporated 
2201 Laurelwood Road 
Santa Clara, CA 95054 
(408) 988-8000 

Twx: 910-338-0227 


- Southeastern 


Siliconix Incorporated 
4431 Winderlakes Drive 
Orlando, FL 32811 
(305) 293-4255 


Southwestern 


Siliconix Incorporated 
1525 £. 17th Street, Suite L 
Santa Ana, CA 92701 

(714) 547-4474 

Twx: 910-595-2643 


Siliconix 


International Sales 


EUROPEAN 


FRANCE 

Siliconix §.A.RB.L. 

70-72 Avenue du General de Gaulle 
Echat 660 

94022 Greteil Cedex 

Tel: (1) 377.07.87 

Tix: Silconx 230389F 


WEST GERMANY 
Siliconix GmbH 
Johannesstrasse 27 
D-7024 Filderstadt-1 
Postfach 1340 

Tel: (0711) 702066 
Tix: 7-255 533 


UNITED KINGDOM 
Siliconix Ltd. 
Brook House 
Northbrook Street 
Newbury, Berks 
RG13 1AH 

Tel: (0635) 47609 
TIx: 849357 


FAR EAST 


HONG KONG 
Siliconix (H.K.) 

Ltd. 5th Floor 

Liven House 

61-63 King Yip Street 
Kwun Tong, Kowloon 
Tel: 3-427151 

TIx: 44449SILXHX 


JAPAN 

Nippon Siliconix Incorporated 
101 Daigo Tanaka Bldg. 

4-4 lidabashi 3-Chome 
Chiyoda Ku, Tokyo 102 

Tel: (03) 264-7905 

TIx: 2322739 NSIXJ 


TAIWAN 


Siliconix (Taiwan) LTD. 
Nantze Export Processing Zone 
Kaohsiung 

Tel: 3612019 

Tix: 785 712 35 
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Worldwide Sales Offices 


U.S. Representatives 


ALABAMA, Huntsville (35803) 
Rep Incorporated 

11547 S. Memorial Pkwy. 

(205) 881-9270 

Twx: 810-726-2102 


ARIZONA, Tempe (85281) 
Quatra Associates, Inc. 
1801 S. Jen Tilly Lane 
Suite C-14 

(602) 894-2808 

TWX: 910-950-1153 


CALIFORNIA, San Diego (92126) 
Ohm Spun Elect. Inc. 

8660 Miramar Road 

Suite 205 

(619) 579-5070 

Twx: 910-331-1185 


COLORADO, Englewood (80112) 
Delta Sales Assoc. 

Bidg. H — Suite 220 

14 Inverness Dr. East 

(303) 741-0646 

Twx: 910-935-0717 


CONNECTICUT, Cheshire (06410-0160) 


Scientific Components 
1185 South Main Street 
(203) 272-2963. 

Twx: 710-455-2078 


FLORIDA, Clearwater BCH (33515) 
Perrott Associates 

P.0. Box 3384 

473 East Shore Drive 

(813) 443-5214 

Twx: 810-866-0328 


FLORIDA, Orlando (32807) 
Perrott Associates 

7725 N. Orange Blossom Trl. 
(305) 298-7748 

Twx: 810-850-0254 


FLORIDA, Sunrise (33313) 
Perrott Associates 

1371 Sunset Strip 

(305) 792-2211 

Twx: 510-955-9831 


GEORGIA, Tucker (30084) 
Rep Inc. 

1944 Cooledge Road 

(404) 938-4358 

Twx: 810-766-0822 


ILLINOIS, Des Plaines (60018) 
Electron Marketing Corp. 

3158 Des Plaines Ave. 

Suite 35 

(312) 298-2330 

Twx: 910-233-0183 


INDIANA, Fort Wayne (46856) 
Wilson Tech Sales, Inc. 

P.O. Box 11265 

(219) 424-5288 


INDIANA, Indianapolis (46240) 
Wilson Technical Sales, Inc. 
P.O. Box 40699 

4021 W. 7ist Street 

(317) 298-3345 

Twx: 810-341-3264 


IOWA, Cedar Rapids (52403) 
Electromec Sales, Inc. 

1500 2nd Ave. S.E. 

Suite 205 

(319) 393-5364 

Twx: 910-576-0232 


IOWA, Davenport (52803) 
D.S.I. 

125 Kirkwood Blvd. 

(319) 322-4142 


KANSAS, Wichita (67217) 
D.S.I. 

4502 Cherry 

(316) 529-0114 


‘MARYLAND, Baltimore (21208) 


Pro Rep 

107 Sudbrook Lane 
(301) 653-3600 
Twx: 710-862-0862 


MASSACHUSETTS, Tyngsborough 
Comp Tech, Inc. (01879) 

1 Bridgeview Circle 

(617) 649-3030 

Twx: 710-347-6661 


MICHIGAN, Brighton (48116) 
A.P. Associates 

P.O. Box 777 

9880 E. Grand River Ave. 
(313) 229-6550 

Twx: 810-242-1510 


MINNESOTA, Burnsville (55337) 
Electromec Sales Inc. 

101 W. Burnsville Pkwy. 

(612) 894-8200 

Twx: 910-576-0233 


MISSOURI, Ballwin (63011) 
D.S.1. 

648 Hickory Knoll Ct. 

(314) 227-7170 


NEW JERSEY, Marlton (08053) 
B.G.R. Associates 

3001 Greentree Exec. Campus 
(609) 428-2440 

Twx: 710-940-1358 


NEW JERSEY, Teaneck (07666) 
R.T. Reid Associates 

705 Cedar Lane 

(201) 692-0200 

Twx: 710-990-5086 


NEW YORK, Endwell (13760) 
Tri-Tech Electronics Inc. 

3215 E. Main Street 

(607) 754-1094 

Twx: 510-252-0891 


NEW YORK, Fayetteville (13066) 
Tri-Tech Electronics, Inc. 

6836 E. Genesee Street 

(315) 446-2881 

Twx: 710-541-0604 


NEW YORK, Fishkill (12524) 
Tri-Tech Electronics, Inc. 

14 Westview Drive 

(914) 897-5611 


E. ROCHESTER, NY 14445 
Tri-Tech Electronics, Inc. 
300 Main Street 

(716) 385-6500 

Twx: 510-253-6356 


NORTH CAROLINA, Raleigh (27607) 
Rep. Inc. 
7330 Chapel Hill Road 


‘Suite 204 


(919) 851-3007 
Twx: 810-766-0822 


OHIO, Cleveland (44143) 
Arthur H. Baier Company 
67 Alpha Park 

(216) 461-6161 

Twx: 810-427-9278 


OHIO, Dayton (45414) 
Arthur H. Baier Company 
4940 Profit Way 

(513) 276-4128 

Twx: 810-459-1624 


OKLAHOMA, Tulsa (74133) 
Electronics Mktg. Assoc. 
7917 S. 72nd East Ave. 
(918) 492-0390 


OREGON, Beaverton (97005) 
Blair Hirsh Co., Inc. 

9645 S.W. Beaverton Hwy. 
(503) 641-1875 


TENNESSEE, Jefferson City (37760) 
Rep Incorporated 

P.0. Box 287 

113 So. Branner Ave. 

(615) 475-4105 

Twx: 810-570-4203 


Siliconix 


TEXAS, Austin (78753) 
Electronics Marketing Assoc. 
607 A Deen Avenue 

(512) 837-0893 


TEXAS, Grapevine (76051) 
Electronics Marketing Assoc. 
P.0. Box 487 

403 E. Wall 

(817) 481-7502/7503 

Twx: 910-890-8659 


TEXAS, Houston (77099) 
Electronics Marketing Assoc. 
P.O. Box 42388 

11450 Bissonnet, Suite 309 
(713) 498-8120 


UTAH, Salt Lake City (84115) 
Delta Sales Associates 

1800 Southwest Temple, Suite 405 
(801) 487-7571 


WASHINGTON, Lynnwood (98036) 
Blair Hirsh Co., Inc. 

P.0. Box 2250 

19410 36th Avenue West 

Suite 106 

(206) 774-8151 


WISCONSIN, Wauwatosa (53226) 
Larsen Associates 

10855 West Potter Road 

(414) 258-0529 

Twx: 910-262-3160 


U.S. CHIP 
DISTRIBUTORS 


FLORIDA, Orlando (32807) 
Chip Supply Inc. 

1607 Forsyth Road 

(305) 275-3810 

Twx: 810-850-0103 


PENNSYLVANIA, Malvern (19335) 
Hybrid Die Technology 

111 Great Valley Pkwy. 

(215) 296-5905 

Twx: 510-668-6123 


Worldwide Sales Offices = 
ne 
tj a 
U.S. Distributors 2. 
ALABAMA, Huntsville (35803) CALIFORNIA, Woodland Hills (91367) INDIANA, Carmel (46032) MISSOURI, Earth City (63045) < 
Hamilton/Avnet, #23 Hamilton/Avnet, #71 Hamilton/Avnet, #28 Hamilton/Avnet, #05 6. 
4812 Commercial Drive 21050 Erwin Street 485 Gradle Drive 13743 Shoreline Ct. 
(205) 837-7210 (213) 883-0000 (317) 844-9333 (314) 344-1200 @ 
: 810-726-2162 Twx: 810-260- : 910-762- 
Twx: 81 | COLORADO, Englewood (80111) wx: 810 60-3066 | Twx: 910-762-0606 
ALABAMA, Huntsville (35805) Hamilton/Avnet, #06 INDIANA, Indianapolis (46250) NEW JERSEY, Cherry Hill (08003) SN 
Pioneer/Huntsville 8765 E. Orchard Rd., Suite 708 Pioneer/Indiana Hamilton/Avnet, #14 6 
1207 Putman Drive N.W. (303) 740-1000 6408 Castleplace Drive ' One Keystone Avenue | 
(205) 837-9300 Twx: 910-931-0510 (317) 849-7300 (609) 424-0100 O 
- 810-726-2197 : 810-260- : 710-940- 
Twx: 810 9 COLORADO, Thornton (80241) Twx: 810-260-1794 Twx: 710-940 ee | 
ARIZONA, Tempe (85281) Wyle Distribution Group KANSAS, Overland Park (66215) NEW JERSEY, Fairfield (07006) wn 
Anthem Electronics, Inc. 451 £. 124th Avenue Hamilton/Avnet, #58 Hamilton/Avnet, #19 
1701-1 E. Weber Drive (303) 457-9953 9219 Quivira Road 10 Industrial Road re) 
(602) 244-0900 Twx: 910-936-0770 (913) 888-8900 (201) 575-3390 
TWX: 910-950-0110 ; Twx: 910-743- Twx: 710-734-4 
COLORADO, Wheatridge (80033) Bet Sac eee ae ms 
ARIZONA, Tempe (85281) Beli Industries MARYLAND, Columbia (21045) NEW JERSEY, Fairfield (07006) ase 
Hamilton /Avnet, #04 8155 W. 48th Avenue Hamilton/Avnet, #12 Marshall Industries A 
505 South Madison Or. (303) 424-1985 6822 Oak Hall Lane 107 Fairfield Road @ 
(602) 231-5100 Twx: 910-938-0393 (301) 995-3500 (MD) (201) 882-0320 M4 
- 910-950-0077 5A Twx: 710-989- 
pana CONNECTICUT, Danbury (06810) 20") Se 3h (OC) sete ie 
CALIFORNIA, Anaheim (92807) Hamilton/Avnet, #21 NEW JERSEY, Mt. Laurel (08057) 
Zeus West, Inc. Commerce Drive, Commerce Park MARYLAND, Gaithersburg (20760) Marshall Industries 
1130 Hawk Circle (203) 797-2800 Pioneer/Washington 102 Gaither Dr., Unit 2 
(714) 632-6880 Twx: 710-460-0594 9100 Gaither Road (609) 234-9100 (NJ) 
301) 948-0710 215) 627-1920 (PA 
CALIFORNIA, Chatsworth (91311) CONNECTICUT, Wallingford (06492) °°.) 23h pyacosys Sel ey 
Anthem Electronics, Inc. Marshall Industries . 
21730 Nordhoff Street Village Lane MARYLAND, Gaithersburg (20760) NEW MEXICO, Albuquerque (87123) 
(213) 700-1000 Barnes Industrial Park Marshall Industries Alliance Electronics 
(203) 265-3822 16760 Oakmont Ave. 11030 Cochiti S.E. 
eee Costa Mesa (92626) Twx: 710-465-0747 (301) 840-9450 (505) 292-3360 
vnet Electronics : Twx: 710-828-022 Twx: 910-989-1151 
350 McCormick Ave. FLORIDA, Altamonte Springs (32701) | 'W%: 7108260223 re uioee 
(714) 754-6111 Pioneer Electronics MASSACHUSETTS, Burlington (01803) NEW MEXICO, Albuquerque (87123) 
Twx: 910-595-1928 221 North Lake Blvd. Milgray Electronics Bell Industries 
(305) 834-9090 79 terrace Hall Ave. 11728 Linn N.E. 
See eis en Twx: 810-850-0177 (617) 272-6800 (505) 292-2700 
amilton Electro Sales, > 510-225-367, Twx: 910-989-062 
3170 Pullman Street FLORIDA, Ft. Lauderdale (33309) | (W™ *10-225S073 si aga 
(714) 641-4100 Hamilton/Avnet, #17 MASSACHUSETTS, Burlington (01803) NEW MEXICO, Albuquerque (87119) 
Twx: 910-595-2638 6801 N.W. 15th Way Marshall Industries Hamilton/Avnet, #22 
F (305) 971-2900 1 Wilshire Road 2524 Baylor Drive S.E. 
reeset ae ay ee Twx: 510-956-3097 (617) 272-8200 (505) 765-1500 
amilton electro oaies, Twx: 710-332-6359 Twx: 910-989-0614 
10912 W. Washington Bivd. FLORIDA, St. Petersburg (33702) BEN) ce 
(213) 558-2121 or (714) 522-8200 Hamilton/Avnet, #25 MASSACHUSETTS, Woburn (01801) NEW YORK, Buffalo (14202) 
Twx: 910-340-6364 3197 Tech Drive No. Hamilton/Avnet, #18 Summit Inc. 
; (813) 576-3930 50 Tower Office Park 916 Main Street 
eee San mee (92121) Twx: 810-863-0374 (617) 935-9700 (716) 884-3450 
nthem Electronics, Inc. ‘ Twx: 710-393-0382 Twx: 710-522-1692 
4125 Sorrento Valley Bivd. FLORIDA, Winter Park (32789) ; 
(619) 453-9005 Milgray Electronics MICHIGAN, Grand Rapids (49508) NEW YORK, East Syracuse (13057) 
Twx: 910-335-1515 1850 Lee Avenue Hamilton/Avnet, #67 Hamilton/Avnet, #08 
; (305) 647-5747 2215 29th St. S.E. Ad 1600 Corporate Circle 
CALIFORNIA, San Diego (92123) (616) 243-8805 (315) 437-2642 
Hamilton/Avnet, #02 GEORGIA, Norcross (30092) er Twx: 710-541-1560 
4545 Viewridge Ave. Hamilton/Avnet, #15 MICHIGAN, Livonia (48150) 
(714) 571-5710 5825 Peachtree Corners E-D Hamilton/Avnet, #66 NEW YORK, Endwell (13760) 
Twx: 910-335-1216 (404) 447-7500 32487 Schoolcraft Marshall Industries 
Twx: 810-766-0432 (313) 522-4700 10 Hooper Road 
CALIFORNIA, Santa Clara (95052) Twx: 810-242-8775 (607) 754-1570 
Wyle Distribution Group GEORGIA, Norcross (30093) ce Twx: 510-252-0194 
3000 Bowers Avenue Marshall Industries MICHIGAN, Livonia (48150) 
(408) 727-2500 4364B Shakelford Road Pioneer/Michigan NEW YORK, Freeport (11520) 
Twx: 910-379-6480 (404) 923-5750 13485 Stamford Milgray Electronics, Inc. 
Twx: 810-766-3969 (313) 525-1800 191 Hanse Avenue 
CALIFORNIA, Sunnyvale (94086) Twx: 810-242-3271 (516) 546-5600 
Bell Industries ILLINOIS, Bensenville (60106) . ; Twx: 510-225-3673 
1161 No. Fairoaks Ave. Hamilton/Avnet, #10 MINNESOTA, Minneapolis (55435) 
(408) 734-8570 1130 Thorndale Ave. Industrial Components NEW YORK, Hauppauge (11787) 
Twx: 910-339-9378 (312) 860-7780 5229 Edina Industrial Blvd. Harvey Military 
Twx: 910-227-0060 (612) 831-2666 40 Oser Avenue 
CALIFORNIA, Sunnyvale (94086) Twx: 910-576-3153 (516) 231-9200 
Hamilton/Avnet, #03 ILLINOIS, Elk Grove Village (60007) Twx: 510-227-9869 
1175 Bordeaux Avenue GBL/Goold Electronics MINNESOTA, Minnetonka (55343) 
(408) 743-3300 610 Bonnie Lane Hamilton/Avnet, #63 NEW YORK, Hauppauge (11787) 
Twx: 910-339-9332 (312) 593-3222 10300 Bren Road, East Marshall industries 
. ; 612) 932-06 2 A 
CALIFORNIA, Tustin {92680} ILLINOIS, Elk Grove Village (60007) {012) 32-0000 (316) 373.2804 
Anthem Electronics, Inc. Pioneer /Chicago : Twx: 510-224-6109 
2661 Dow Avenue 1551 Carmen Drive MINNESOTA, Minnetonka (55343) 


(714) 730-8000 (312) 437-9680 Pioneer/Twin Cities | 
Twx: 910-595-1585 Twx: 910-222-1834 10203 Bren Road, East 
(612) 935-5444 
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NEW YORK, Melville (11747) 
Hamilton/Avnet, #20 

5 Hub Drive 

(516) 454-6000 

Twx: 510-224-6166 


NEW YORK, Port Chester (10573) 
Zeus Components, Inc. 

100 Midland Ave. — 

(914) 937-7400 

Twx: 710-567-1248 


NEW YORK, Rochester (14623) 
Hamilton/Avnet, #61 

333 Metro Park 

(716) 475-9130 

Twx: 510-253-5470 


NEW YORK, Rochester (14623) 
Marshall Industries 

1260 Scottsville Road 

(716) 235-7620 

Twx: 510-253-5526 


NORTH CAROLINA, Greensboro (27406) 


Pioneer /NC 

103 Industrial Ave. 
(919) 273-4441 
Twx: 510-925-1174 


NORTH CAROLINA, Raleigh (27604) 
Hamilton/Avnet, #24 
3510 Spring Forrest 8d. 

(919) 878-0819X210 

Twx: 510-928-1836 


OHIO, Cleveland (44105) 
Pioneer /Cleveland 

4800 E. 13ist Street 
(216) 587-3600 

Twx: 810-422-2210 


BRITISH COLUMBIA 
Burnaby (V5G 4J7)} 
RAE Industrial Elec. Ltd. 
3455 Gardner Court 
(604) 291-8866 

Twx: 610-929-3065 

Tix: 04-356533 


U.S. Distributors (Cont'd) 


OHIO, Dayton (45459) 


Hamilton/Avnet, #64 
954 Senate Drive 
(513) 433-0610 

Twx: 810-450-2531 


OHIO Dayton (45424) 
Pioneer/Dayton 

4433 Interpoint Blvd. 

(513) 236-9900 

Twx: 810-459-1622 

OHIO, Warrensville Heights (44128) 
Hamilton/Avnet, #62 . 
4588 Emery Industrial Pkwy. 


(216) 831-3500 
Twx: 810-427-9452 


OKLAHOMA, Tulsa (74129) 


~ Quality Components 


9934 E. 21st Street So. 
(918) 664-8812 


OREGON, Lake Oswego (97034) 
Hamilton/Avnet, #27 

6024 S.W. Jean Road, 

Bidg. C. Suite 10 

(503) 635-8836 

Twx: 910-455-8179 


PENNSYLVANIA, Horsham (19044) 
Pioneer Electronics 

261 Gibraltar Road 

(215) 674-4000 

Twx: 510-665-6778 


PENNSYLVANIA, Pittsburg (15238) 
Pioneer/Pittsburgh 

259 Kappa Drive 

(412) 782-2300 

Twx: 710-795-3122 


TEXAS, Addison (75001) 
Quality Components 
4257 Kellway Circle 
(214) 387-4949 

Twx: 910-860-5459 


TEXAS, Austin (78758) 
Hamilton/Avnet, #26 
2401 Rutland Drive 
(512) 837-8911 

Twx: 910-874-1319 


TEXAS, Austin (78758) 
Harrison Equipment Co., Inc. 
8910-A1 Research Blvd. 
(512) 458-3555 


TEXAS, Austin (78758) 
Quality Components 
2427 Rutland Drive 
(512) 835-0220 

Twx: 910-874-1377 


TEXAS, Dallas (75234) 
Harrison Equipment Co., Inc. 
14282 Gillis Road 

(214) 239-2750 


TEXAS, Dallas (75240) 
Zeus Components 
14001 Goldmark 

(214) 783-7010 


TEXAS, Houston (77063) 
Hamilton/Avnet, #11 
8750 Westpark 

(713) 975-3500 

Twx: 910-881-5523 


TEXAS, Irving (75062) 
Hamilton/Avnet, #16 
2111 W. Walnut Hill Lane 
(214) 659-4151 

Twx: 910-860-5929 


CANADA 


REPRESENTATIVES 


ISLINGTON, Ontario (M9B 6E3) 
Pipe Thompson, Ltd. 

5468 Dundas St. West Suite 206 
(416) 236-2355 

Twx: 610-492-4367 


NORTH GOWER, Ontario (KOA 270) 


Pipe Thompson, Ltd. 
Rural Route #2 
(613) 258-4067 

Twx: 610-492-4367 


DISTRIBUTORS 


ONTARIO, Mississauga (L4V 1M5} 
Hamilton/Avnet, #59 

6845 Rexwood Drive 

(416) 677-7432 

Twx: 610-492-8867 


ONTARIO, Ottawa (K2C 3P2) 
Future Elec. 

Baxter Centre 

1050 Baxter Rd. 

(613) 820-8313 


ONTARIO, Nepean (K2E 7L5) 
Hamilton/Avnet, #60 

2110 Colonade Road 

(613) 226-1700 

Twx: 0534971 


ONTARIO, Downsview (M3H 5$9) 
Future Electronics 


4800 Dufferin Street 
(416) 663-5563 


Siliconix 


TEXAS, Stafford (77477) 
Harrison Equipment Co., Inc. 
11100 W. Airport Bivd. 

(713) 879-2771 

Twx: 910-882-5153 


TEXAS, Sugarland (77478} 
Quality Components 
1005 Industrial Blvd. 


At Bournewood 
(713) 491-2255 


UTAH, Salt Lake City (84119) 


- Hamilton/Avnet, #09 


1585 West 2100 South 
(801) 972-2800 
Twx: 910-925-4018 


WASHINGTON, Belevue (98005} 
Hamilton/Avnet, #07 

14212 N.E. 121st Street 

(206) 453-5844 

Twx: 910-443-2469 


WASHINGTON, Bellevue (98005) 
Wyle Distribution Group 

1750 132nd Avenue N.E. 

(206) 453-8300 

Twx: 910-443-2526 


WISCONSIN, Milwaukee (53214) 
Marsh Electronics, Inc. 

1563 South 101st Street 

(414) 475-6000 

Twx: 910-262-3321 


WISCONSIN, New Berlin (53151) 
Hamilton/Avnet, #57 

2975 Moorland Road 

(414) 784-4510 

Twx: 910-262-1182 


QUEBEC, Pointe Claire (HOR 5C7) 
Future Elec. 

237 Hymus Blvd. 

(514) 694-7710 

Twx: 610-421-3251 


QUEBEC, St. Laurent (H4S 1M2) 
Hamilton/Avnet, #65 

2670 Sabourin Street 

(514) 331-6443 

Twx: 610-421-3731 
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